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PREFACE 
This r epor t  i s  one of a s e r i e s  documenting Tracking and Data System 
support  of the Pioneer miss ions  by the J e t  Propulsion Laboratory.  Pioneer 
project  management,  spacecraf t  sys tems  development, and miss ion analysis 
and operations management a r e  located a t  the Ames Resea rch  Center. This 
r e p o r t  documents a yea r  of extended miss ion  support of Pioneers  VI, VII, 
VIII, and IX. Previous volumes of this s e r i e s  covered e a r l i e r  phases of the 
miss ions .  Succeeding annual r epor t s  will cover  the miss ions  until there  i s  no 
fur ther  r e tu rn  of meaningful engineering and scientific data. 
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ABSTRACT 
T h e  T r a c k i n g  a n d  Data S y s t e m  s u p p o r t e d  t h e  d e e p  s p a c e  p h a s e s  of the  
P i o n e e r  VI, VII, VIII, and  IX m i s s i o n s ,  wi th  two s p a c e c r a f t  i n  a n  i n w a r d  t r a -  
j e c t o r y  a n d  two s p a c e c r a f t  i n  a n  o u t w a r d  t r a j e c t o r y  f r o m  the  e a r t h  i n  he l io -  
c e n t r i c  o r b i t s .  During t h e  p e r i o d  of t h i s  r e p o r t ,  sc ien t i f i c  i n s t r u m e n t s  a b o a r d  
e a c h  of t h e  s p a c e c r a f t  cont inued t o  r e g i s t e r  i n f o r m a t i o n  r e l a t i v e  t o  i n t e r p l a n e -  
t a r y  p a r t i c l e s  and  f i e l d s ,  a n d  r a d i o  m e t r i c  d a t a  g e n e r a t e d  by t h e  ne twork  con-  
t inued  t o  i m p r o v e  o u r  knowledge of t h e  c e l e s t i a l  m e c h a n i c s  of t h e  s o l a r  s y s t e m .  
In add i t ion  t o  ne twork  s u p p o r t  a c t i v i t y  de ta i l ,  n e t w o r k  p e r f o r m a n c e  and  s p e c i a l  
s u p p o r t  a c t i v i t i e s  a r e  c o v e r e d .  
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I. INTRODUCTION 
The p r i m a r y  objective of the P ionee r  mis s ions  
was  to  accumulate scientif ic data f r o m  deep space .  
The P ionee r  P r o j e c t  was  designed t o  provide a 
means  to study the magnetic f ield,  spa t ia l  p l a sma ,  
cosmic  r a y s ,  high-energy par t ic les ,  e l ec t ron  
density,  e l ec t r i c  f ields,  and cosmic  dus t  within a 
region of 0. 75 to  1 .20  a s t ronomica l  units (AU) 
f r o m  the sun. 
The P r o j e c t  was  ini t iated in  1958 a s  pa r t  of 
the U.  S. part icipation in  the International  Geophys- 
i ca l  Year .  Nea r - r ea l - t ime  data reduction and 
analys is  was  a pa r t  of a P ionee r  space  weather  
r e p o r t  teletyped regular ly  to  U. S. Space Dis tur -  
bance F o r e c a s t  Cen te r s .  
P ionee r  mis s ions  have evolvedthroughvar ious  
genera t ions  a s  follows: 
(1 )  F i r s t  Generation: P ionee r s  I through V, 
1958 - 1960 ( a ~ o r o v e d  March  27. 1958): 
, L L  . . 
Pionee r s  I ,  11, and I11 managed by U. S. 
A i r  F o r c e ;  P ionee r s  IV and V managed 
by U. S. Army .  
(2) Second Generation: P ionee r s  VI through 
IX, and E ,  1965 - 1969 (approved 
November 9, 1962); managed by Ames  
Resea rch  Center .  
(3)  Th i rd  Generation: P ionee r s  F and G, 
1972 and 1973 (approved F e b r u a r y  8, 
1969); Lnanaged by Ames R e s e a r c h  
Center .  
P ionee r  V, i n  closing out the f a r ~ t  I ' ioncer 
generation,  remained active i n  space  ~ O I - c  than 
3 months and was  not l o s t  to e a r t h  contac L uni-il i t  
was  27. 5 mill ion k m  f r o m  ea r th .  ' C ~ I  s wz 5 a rcw 
r eco rd .  
P ionee r s  VI and VII, car ry ing six scientif ic 
i n s t rumen t s  to  investigate the cha rac t e r i  s t i c s  of 
magnetic f ields,  p lasma,  and cos~mic  r ays  i n  
in terp lanetary  space ,  w e r e  launched f r o m  Cape 
Kennedy Ai r  F o r c e  Station on Deceli2ber 16,  1965, 
and August 17, 1966, respect ive ly .  
P ionee r  VIII was  launched by a Delta DSV-3r 
launch vehlcle f r o m  Complex 17-B at the Cape 
Kennedy Ai r  F o r c e  Station, F l a . ,  at 0908:00 E S T  
(1408:OO GMT) on December  13, 1907  The count- 
down proceeded smoothly,  with no anornallcs 
encountered.  The launch vehlcle sys t em pcrfor-  
mance  of a l l  t h ree  s t ages  w a s  nomllia?. ';he boost  
t r a j ec to ry  was no rma l ,  and a nomiilai he :~occni:~c 
orbi t  was obtained. Data acquisi t-on fro17 inc 
DSN occur red  a s  planned. 
The Pioneer  IX spacecraf t  was laarched i ~ y  a
Delta DSV-3E launch vehicle f r o m  Comp,c> 1 7 - 0  
a t  the Cape Kennedy Ai r  Fo rce  Statioii, r l a ,  Deep 
space  support  for  P ioneer  IX began N o v c ~ i b e r  b ,  
1968, with 24 h/day support  by th rec  Z b - ? ~ - d r a ~ i  
antenna stat ions.  
The P ionee r  E m i s s i o n ( n e a r  the ea r th  for  900 
days,  then he1iocentric)was intended to investigate 
in terp lanetary  phenomena. After  ,438 s of flight on 
August 27, 1969, a des t ruc t  signal  was  trar.srmitted 
because  of a l o s s  of hydraulic p r e s s u r e  in  rhe f i r s t  
s tage .  
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11. TRACKING AND DATA SY ' S T E M  S U P P O R T  ACTIVITIES 
_ I  .I 
r.12 \ rack ing  and  Data S y s t e m  (TDS) w a s  
~-lacie u p  3f the A i r  F o r c e  E a s t e r n  T e s t  Range 
( A F E T R ) ,  Manned  Space F l igh t  N e t w o r k  (MSFN) ,  
XASX C:onirc:unications S y s t e m  (NASCOM), and  t h e  
-\  rep Space S e t v ~ o r k  (DSN). T h i s  r e p o r t  docu- 
~x len ts  T C S  a c t i v i t i e s  tha t  w e r e  c a r r i e d  out by  t h e  
S P i , - r r i a l ~ a g e d  Deep Space  Network  in suppor t  of 
P i i : r i e c r  "I, VI:, VIII, and  IX ( P i o n e e r  E w a s  
d e s t r o y e d  e a r l y  in  f l ight  b e c a u s e  of a  l a u n c h  
vchici:: Cailcre) f o r  t h e  p e r i o d  J u l y  1 ,  1969 - 
J u l y  1 ,  1')'70. 
11. DSS E'aci;!ties 
The  JSN, which  had  t h e  capabi l i ty  f o r  two-way 
coi-r~rrl-cinication wi th  s p a c e c r a f t  t r a v e l i n g  a s  n e a r  
a s  1 6 ,  050 krn f r o m  e a r t h  and  a s  f a r  a s  i n t e r p l a n e -  
tary d i s t a r c e s ,  was c o m p r i s e d  of t h e  Deep Space  
I : ~ s t r u r ~ . . t a i o i  F a c i l i t y  (DSIF) f o r  d a t a  acquis i -  
t ion  a r d  t i - a ~ r s n ~ i s s i o n ,  t h e  Ground  C o m m u n i c a t i o n s  
E'a::ilii;i { C C F j  f o r  d a t a  t r a n s f e r ,  a n d  t h e  Space  
F l igh t  3 p c r a t i o n s  F a c i l i t y  ( S F O F )  f o r  d a t a  p r o -  
c e s s i n g .  3SN s y s t e m s  w e r e  t r a c k i n g  t e l e m e t r y ,  
c o n r r ~ a n d ,  s i rnu la t ion ,  m o n i t o r i n g ,  and  o p e r a t i o n s  
c o n t r o l .  T a b l e  1 l i s t s  the  DSN s t a t i o n s .  F i g u r e  1 
i s  s d i a g r a m  o i  the DSN a n d  P i o n e e r  P r o j e c t  s y s -  
ters:s. F i g u r e  2 i s  a  DSN f a c i l i t y - s y s t e m  m a t r i x .  
The 26-1-1-diam an tenna  s t a t i o n s  t h a t  s u p p o r t e d  
tile Pi:m~?c.r s p a c e c r a f t  i n  t h e  d e e p  s p a c e  f l ight  
pi lase cva2re P i o n e e r  (DSS 11)  and  E c h o  (DSS 1 2 ) ,  
both a? Golds tone ,  Cal if .  , W o o m e r a  (DSS 41)  and  
Weern r l i ?  (CSS 4 2 ) ,  i n  A u s t r a l i a ,  Johannesburg  
( I I S S  511, in  South A f r i c a ,  and  Robledo (DSS 61) ,  
M a d r i d ,  Spain,  Support  a l s o  w a s  given by  t h e  
64- rn-d ia r r~  an tenna  s t a t i o n  a t  Goldstone (DSS 14) .  
'I he DS?. ~ b j e c t i v e s  w e r e :  
( I )  f ~ c q u ~ t - P  s p a c e c r a f t  e n g i n e e r i n g  a n d  
s c l e n c c  d a t a  v i a  t e l e m e t r y .  
(2) P r o v i d e  f o r  pos i t ive  c o n t r o l  of 
s p a c e c r a f t .  
( 3 )  IPrcvldz f o r  a c c u r a t e  s p a c e c r a f t  nav iga-  
iloi,  by g e n e r a t i n g  r a d i o  m e t r i c  da ta .  
( 4 )  L'rovriie s u p p o r t  f o r  a  n u m b e r  of c o m p l e x  
I i ss lor ls  c o n c u r r e n t l y .  
(5) P r o v i d e  m a s t e r  d a t a  r e c o r d s  of va l ida ted  
d a t a  in n e a r -  r e a l - t i m e .  
'The i)SK w a s  capable  of p rov id ing  24-h 
c o v c r a g c  for- s p a c e c r a f t .  T h i s  r e q u i r e m e n t  w a s  
ir?:poriant l o r  f lexibi l i ty  in  planning m i s s i o n s  and  
providing lrlaxiillum d a t a  r e t u r n  and  a l s o  f o r  
ilr!~-rli.;iiatz de tec t ion  of s p a c e c r a f t  f a i l u r e  and  
ini l ia t ion of r e c o v e r y  p r o c e d u r e s .  If m i s s i o n  
c l ~ l s i t y  ; cqu i red  two s u c h  24-h- c o v e r a g e  ne t -  
t v ~ i r k s ,  then  t h e  a l t e r n a t e  n e t w o r k  p r o v i d e d  c o v e r -  
a:;e lo: a s t a t i o n  outage.  Stat ion loca t ions  w e r e  
aplsr-oxirrlctte!y 120 deg a p a r t  in  longi tude and  
wi?lli:i a  '?and o l  35 deg la t i tude  on e a c h  s i d e  of t h e  
ecjcalor. 'This loca t ion  s e t u p  p r o v i d e d  cont inuous 
coveraz i :  of s p a c e c r a f t  in  t h e  e c l i p t i c  p lane  in  
rliost c a s e s .  
'T i le  amount  of d a t a  p r o c e s s i n g  o r  d a t a  c o m -  
press io i -  a c t i v i t ) ~  a t  t r a c k i n g  s t a t i o n s  depended  
g r z a t l y  or- the  bandwidth,  s i g n a l - t o - n o i s e  qua l i ty ,  
and r c i i a i ~ i i i t y  of t h e  g round  i n t e r s t a t i o n  c o m m u n i -  
ca t ions  n l w 3 r i i ,  T h e  c h a r a c t e r i s t i c s  of g round  
c o m m u n i c a t i o n s  f a c i l i t i e s  d ic ta ted  tha t  d a t a  
p r o c e s s i n g  a n d  c o m p r e s s i o n  b e  ava i lab le  a t  t r a c k -  
ing s t a t i o n s .  Idea l ly ,  t o  s i m p l i f y  t h e  d e e p  s p a c e  
s t a t i o n  d e s i g n  and  r e d u c e  s t a t i o n  c o s t s ,  i t  w a s  
d e s i r a b l e  t o  t r a n s m i t  t h e  b a s e b a n d  d a t a  d i r e c t l y  
f r o m  t h e  r e c e i v e r  t o  a c e n t r a l  fac i l i ty  w h e r e  the  
d a t a  would be  d e t e c t e d  a n d / o r  f o r m a t t e d  f o r  l o c a l  
u s e .  T h i s  r e q u i r e d  a  r e l i a b l e ,  con t inuous ly  
a v a i l a b l e ,  wideband (<2 m H z )  duplex channe l  b e -  
t w e e n  the  c o n t r o l  c e n t e r  a n d  e a c h  s ta t ion .  T h e  
s i tua t ion  r e q u i r e d  t h a t  a  c e r t a i n  amount  of d a t a  
p r o c e s s i n g  a n d  c o m p r e s s i o n  f o r  t r a c k i n g  d a t a  f o r -  
m a t t i n g ,  t e l e m e t r y  b i t  a n d  w o r d  de tec t ion ,  and  
c o m m a n d  f o r m a t t i n g  b e  u s e d  a t  t h e  s t a t i o n s .  T h e  
ground  c o m m u n i c a t i o n  s y s t e m  could m a k e  u s e  of 
a  c o m m o n  c a r r i e r  t o  convey  t h i s  m a t e r i a l  t o  t h e  
s t a t i o n s ,  b u t  i t  w a s  m o r e  e c o n o m i c a l ,  when  s t a n -  
d a r d  c o m m u n i c a t i o n  c i r c u i t s  w e r e  r e q u i r e d  f o r  
s e v e r a l  n e t w o r k s ,  t o  have  a  c e n t r a l i z e d  agency;  
NASCOM (Nat iona l  A e r o n a u t i c s  and  Space  Admin-  
i s t r a t i o n  C o m m u n i c a t i o n  Network)  p r o v i d e s  th i s  
s e r v i c e .  Such c e n t r a l i z e d  s e r v i c e  p r o v i d e d  high- 
s p e e d  d a t a  l i n e s  (2400 b i t s / s ) ,  vo ice ,  l i m i t e d  
wideband l i n e s ,  a n d  t e l e t y p e w r i t e r  c i r c u i t s  v i a  
g round  o r  c o m m u n i c a t i o n s  s a t e l l i t e  fac i l i t i es .  
T h e  c o n t r o l  c e n t e r  ( S F O F )  prov ided  a  c e n t r a l  
p r o c e s s i n g  s y s t e m  and  a r e a s  ded ica ted  t o  s e v e r a l  
s p a c e c r a f t  m i s s i o n  c o n t r o l  o p e r a t i o n s .  The  con-  
t r o l  c e n t e r  a l s o  p r o v i d e d  t h e  c o n t r o l  funct ion f o r  
o p e r a t i o n  of the  s p a c e  c o m m u n i c a t i o n  s t a t i o n s ,  
g round  c o m m u n i c a t i o n  f a c i l i t i e s ,  and  t h e  c o n t r o l  
c e n t e r  i t se l f .  
B. P i o n e e r  Des ign  Concepts  
T h e  P i o n e e r  d a t a  s y s t e m  w a s  deve loped  t o  
p r o v i d e  (1  j a  highly e f f ic ien t  t e l e m e t r y  channe l  
c o m p a t i b l e  w i t h  t h e  DSN, ( 2 )  a  capabi l i ty  f o r  the  
DSN t o  g e n e r a t e  two-way c o h e r e n t  dopple r  m e a -  
s u r e m e n t s  whi le  t h e  s p a c e c r a f t  w a s  t r a c k e d ,  and 
( 3 )  a n  e a r t h - t o -  s p a c e c r a f t  c o m m a n d  capabi l i ty  t o  
c o n t r o l  the  s p a c e c r a f t  s u b s y s t e m s  and  s c i e n c e  
payload.  
. S p a c e c r a f t  Radio  F r e q u e n c y  S u b s y s t e m .  The  
.adio f r e q u e n c y  s u b s y s t e m  inc luded  t h r e e  an tennas  
(one h igh-ga in  and  two o m n i d i r e c t i o n a l ) ,  a  t r a n s -  
m i t t e r  d r i v e r ,  two redundant  t rave l ing-wave-  tube 
( T W T )  p o w e r  a m p l i f i e r s ,  two redundant  r e c e i v e r s ,  
c o a x i a l  s w i t c h e s ,  f i l t e r s ,  a n d  d i p l e x e r s .  Switch 
pos i t ion  w a s  c o n t r o l l e d  by  ground  c o m m a n d .  T h e  
b e a m  of e a c h  of t h e  an tennas  w a s  ax ia l ly  s y m -  
m e t r i c a l  w i t h  the  s p a c e c r a f t  s p i n  a x i s ,  w h i c h  w a s  
p e r p e n d i c u l a r  t o  t h e  e c l i p t i c  plane.  T h e  b e a m -  
width of t h e  o m n i d i r e c t i o n a l ,  o r  low- ga in ,  a n t e n n a  
w a s  110 deg,  and  t h e  b e a m w i d t h  of t h e  high-gain 
an tenna  w a s  5 deg. 
T h e  p o w e r  output of t h e  s p a c e c r a f t  t r a n s m i t t e r  
e x c i t e r  w a s  4 4  W and could  be  s w i t c h e d  by  ground  
c o m m a n d  t o  the  low-ga in  an tenna  o r  u s e d  a s  a  
d r i v e r  f o r  t h e  two TWT p o w e r  a m p l i f i e r s .  E a c h  
a m p l i f i e r  had  a  p o w e r  output  of a p p r o x i m a t e l y  
7 .7  W and  could  b e  t u r n e d  on o r  off o r  swi tched  t o  
e i t h e r  t h e  low- o r  t h e  high- gain a n t e n n a  b y  ground  
c o m m a n d .  T h e  a u x i l i a r y  o s c i l l a t o r  w a s  modula ted  
by  a  2048-Hz s q u a r e w a v e  s u b c a r r i e r  a s  p a r t  of a  
PCM/PSK/PM t e l e m e t r y  s y s t e m .  
T h e  s p a c e c r a f t  had  two p a r t i a l l y  redundant  
( redundancy  l i m i t e d  b y  t h e  a n t e n n a  conf igura t ions)  
p h a s e - l o c k  r e c e i v e r s .  E a c h  o p e r a t e d  on a  
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different frequency and was powered a t  a l l  t imes ;  
the des i red receiver  was thus selected by the f r e -  
quency of the ground t ransmit ter .  
2. Spacecraft Command Subsystem. The com- 
mand subsystem consisted of two redundant 
decoders and a command distribution unit (CDU). 
The input signal to both decoders was the demodu- 
lated signal f rom ei ther  of the spacecraf t  r e -  
ce ivers .  The des i red decoder was selected by 
command address .  
The command message  was a 23-bit word 
arranged in the following o rde r :  
5 bits ,  preamble.  
3 bits ,  decoder address .  
7 b i ts ,  command complement. 
7 bits ,  command. 
1 bit, post-squelch. 
The command and command complement were  
compared within the decoder on a bit-by-bit bas is ,  
and the command-execute signal f r o m  the decoder 
was inhibited when e r r o r s  occurred.  The ones 
and zeros  within the message  were  represented 
by two audio tones. The command c a r r i e r  was 
phase-modulated by these  tones at the ra te  of 
1 bit /s .  
3. Spacecraft Telemetry  Subsystem. The genera- 
tion of t iming and status signals,  analog-to-digital 
conversion, data re t r ieval  and process ing for  - 
te lemetry ,  and data s torage on the spacecraf t  was 
accomplished by the digital te lemetry  unit (DTU), 
the signal conditioner, and the data s torage unit 
(DSU). 
The output of the DTU was a 2048-Hz square-  
wave which was biphase-modulated with the 
t ime-multiplexed PCM bit t r a in  using a non- 
re turn- to-zero-mark format.  This squarewave 
phase-modulated the t ransmit ted  c a r r i e r  in a l l  
modes of operation. 
The DSU had a capacity of 15, 232 bits .  
Readout f r o m  the memory  unit was destructive 
and, once initiated, could not be temporar i ly  
interrupted by ground command without destroying 
the remaining data in the unit. Fur the rmore ,  the 
unit had to be c l ea red  of any data s tored there ,  
e i ther  by ground command o r  by readout of s to red  
data, before a new s torage cycle was begun. 
By ground command, one of four operating 
modes and one of five bit ra tes  could be se lected 
for  operation of the DTU. The operating modes 
were  (1) rea l - t ime,  (2) te lemetry  s to re ,  (3) duty 
cycle s to re ,  and (4) memory  readout. The bit 
ra tes  were  512, 256, 64, 16, and 8 bits/s .  
Data quality for  Pioneer  spacecraf t  was 
determined by the e r r o r - r a t e  printout on the engi- 
neering data. In addition, Ames Resea rch  Center  
kept plots of e r r o r - r a t e  printout values.  An 
e r r o r -  r a t e  printout of 0.11 6 corresponded to one 
e r r o r  in 1000 bits of information and was used a s  
a cr i ter ion for  good data. (If the par i ty  e r r o r  
ra te  was not l e s s  than this value, the bit ra te  was 
dropped to the next lower value.)  P r i m a r y  
in teres t  was in data for  the t ime iniervai beginning 
3 h p r io r  to the t ime of maximum spacecraf t  ele- 
vation and extending until 3 h af ter .  Some passes  
terminated m o r e  than 3 h before the spacecraf t  
reached maximum elevation, and parity e r r o r  
ra tes  were  calculated f rom such data as was 
available. 
Varying amounts of data were  los t  or degraded 
in locking the receiver  in a two-way mode on each 
pass ;  the amount var ied because of the round-trip 
light t ime (RTLT), which increased as  the space-  
craf t ' s  distance f rom ea r th  increased. Space- 
craf t  acquisition t ime a lso  contributed a smal l  
portion of los t  o r  bad (degraded) me t r i c  data. 
Receiver-lock was essent ia l  for  good data 
recovery.  
In the real - t ime mode, the information was 
t ransmit ted  di rect ly  in the format  and bit ra te  
selected.  In the t e l emet ry - s to re  mode, data was 
s to red  and t ransmit ted  simultaneously iii the 
selected format  and bit rate.  In the duty-cycle- 
s to re  mode, data was s to red  intermittently in 
groups of 224 bits each at a ra te  of 512 bi ts /s .  
The period between groups s tored could be selected 
by ground command to provide par t ia l  data cover- 
age for  periods up to 19 h. The memory-readout 
mode provided the capability for  retrieving the 
data s tored.  When readout was complete,  the 
DTU rever ted automatically to the real - t ime mode 
in the format  and at the bit ra te  in use pr ior  to 
the readout. 
The spacecraf t  data word was composed of 
7 bits .  The f i r s t  6 bits t ransmit ted  were  generally 
information and the seventh indicated parity.  Odd 
parity was employed by sampling the f i r s t ,  third,  
and fifth bits. 
4. Mission-Dependent Ground Equipment. This 
equipment consisted of a d e m o d u l a t o r / s y ~ i c h r o n ~ z e r ~  
a command encoder,  and a computer buffer. A 
DSN computer was used at the station to: 
(1) Provide selected te lemetry  data Eor tele- 
type t ransmiss ion to the SFOF.  
(2) Monitor the engineering data for out-of- 
l imi t  occurrences .  
( 3 )  Provide computer typewriter printout of 
selected data. 
(4) Display se lected spacecraf t  pa ramete r s  
a s  required.  
(5) Transmit  command messages  on instruc- 
tions f rom the SFOF. 
(6) Check command messages  for validity 
before t ransmiss ion.  
(7) Verify that commands were  being t r ans -  
mitted correct ly .  
(8) Maintain a command accountability l ist .  
The complete data s t r e a m  was recorded on mag- 
netic tape fo r  subsequent data processing and 
analysis.  
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C. Extended Flight Phase  Support Requirements 
Tho major  elements of the DSN, configured to 
support t'le Pioneer miss ions ,  were  (1) the DSIF, 
( 2 )  the SFO??, and (3) the Ground Communications 
Facrliry (GCF). 
1.  Deep Space Instrumentation Facility. The 
LISIF coimpriscs the Deep Space Stations. The 
Cunction of these  stations was to obtain angular 
position, doppler, and te lemetry  data f rom the 
Pioneer spacecraft during the postinjection phase 
of the r r~iss ions .  Data obtained by the Deep Space 
Stations was to be t ransmit ted  to the SFOF in 
real - t in l r  via teletype circuits .  In addition, the 
same  data was to be recorded on magnetic tape a t  
each Deep Space Station and dispatched to J P L  by 
a i r  service .  
2. Spacc Flight Operations Facility. The SFOF 
is a f leuii~le f a c ~ l i t y  in which a r e a s  and hardware 
can be s o i  up and res t ruc tu red  as  required to  
meet  tho necds of various projects.  
3 Ground Communications Facility. The GCF 
is the means bv which the Deew Swace Stations 
communicate k i t h  the SFOF. SF hi GCF provides 
interfacil i ty as  well a s  on-site communications 
and an overall  operational communications com- 
plex for flight project  support. Communications 
responsibil i t ies for the Pioneer P ro jec t  include 
controlling, operating, and maintaining a l l  c i r -  
cuits ,  s-vvitcliing, and terminal  equipment com- 
rnitted to Pioneer.  Goddard Space Flight Center 
is  responsible for  technical  control  of a l l  NASCOM 
circuits  used by the DSN. (Technical control  
inclrtdes maintenance of the communication net- 
work. ) In iLt1fil:lment of the responsibility f o r  
technical control, GSFC informs J P L  of the avail- 
ability and condition of alternate c i rcui ts  during 
periods of use  but does not pe r fo rm the actual 
switching withorit p r io r  approval of J P L ,  which 
has responsibility for  miss ion control  of the 
NASCGM circuits  used by the DSN. Mission con- 
t ro l ,  by c.ontrast, means the determination of 
what traffic will flow, when and to what points 
this traffic will flow, and on what c i rcui ts  the 
i:o-cv will occur.  
D m  Advanced Antenna System Facil i tv Description 
Whcn the 64-m-diam advanced antenna sys tem 
(AAS) was added at Goldstone, California, a s  
DS3 14 (Fig.  31, the DSN range was increased 
two anc! a half t imes .  Under l imited communica- 
tions conclitlons, this sys tem reached to the edge 
01 the so la r  sys tem.  The improved capability 
provided s ix  and a half t imes  m o r e  transmitt ing 
power ancl receiving sensit ivity for  the DSN than 
was available wi.th 26-m- diam antennas. The 
64-m- di.alr1 antenna originally had a gain of 
approxintately 60  dB in transmitt ing and 62 dB in 
receiving. The 26-m-diam antennas had a gain 
oi 5l  c!E transmitt ing and 53 dB receiving. The 
beamwidth was 0.1  deg a t  DSS 14 and 0.35 deg 
for  26-  m- diam antennas. 
The added capability permit ted  e i ther  exten- 
sion of communication distances in space o r  
acquisition of m o r e  data f rom spacecraft  at 
shor te r  ranges.  Because DSS 14 located more  of 
the complex equipment on the ground, l e s s  com- 
plex and m o r e  reliable communication equipment 
could be c a r r i e d  by spacecraft .  The 64-nl an- 
tenna, a parabolic reflector with an azimuth- 
elevation mount, had a specified lifetime of 10 y r  
and an expected lifetime of 20 to 50 y r .  It was 
capable of operation 24 h/day, 365 days/yr.  
The operating and signal-processing tech- 
niques used for the 64-m antenna were  basically 
the same  a s  those used for  the 26-m antennas. 
The huge reflector was tuned to collect spacecraf t  
signals coming f r o m  such distances that thei r  
energy was measured  in billionths of a billionth of 
a watt. These signals were  amplified and fed into 
r ece ive r s ,  and the data forwarded to the SFOF in 
Pasadena.  
The 64-m antenna operated in either of two 
pointing modes ,  depending on the nature of the 
mission being covered. It was pointed so  a s  to 
t rack the spacecraf t  signal automatically, as  did 
the 26-m antennas, o r  the pointing information 
was sent  to the 64-m antenna m a s t e r  equatorial  
reference sys tem,  which then designated the path 
for the antenna. 
Like other DSN antennas operated at f r e -  
quencies of 2100 mHz transmitt ing and 2300 mHz 
receiving, the DSS 14 antenna incorporated a 
Cassegrain  cone feed, mounted a t  the center  of 
the reflector.  (During March of 1968 an ultracone 
was installed. This improved the downlink signal 
s t rength  by some 5 dBmW for one-way tracking. ) 
The Cassegrain  design was s imi la r  to that of an 
optical telescope.  Signals reflected f rom the 
main dish hit a subreflector mounted on a t r u s s -  
type support  extending outward f rom the center  of 
the dish. The subreflector focused the signal into 
the feed horn in the Cassegrain  cone, where i t  
was amplified by a m a s e r .  
The m a s e r  was capable of accomplishing 
maximum amplification of the signal while, at the 
s a m e  time, generating a minimum of background 
noise. Because heat was a ma jo r  source  of noise,  
the m a s e r  was immersed  in liquid helium to main- 
tain i ts  temperature  a t  4.2"K. The spacecraf t  
signal was usually maser-ampl i f ied  on the o r d e r  
of 40, 000 t imes  before i t  was fed into the receiver ,  
where it was fur ther  amplified. 
The receiver  used four separa te  channels: 
two reference (o r  sum)  channels fo r  doppler in- 
formation,  spacecraf t  te lemetry ,  and TV signals,  
and two channels carrying angle-tracking data for  
automatic antenna pointing. The data f r o m  al l  
four channels, depending on the information they 
conveyed, was t ransmit ted  to the SFOF. 
Dimensions and weights of the 64-m antenna 
a r e  given in Table 2. A profile of the antenna i s  
presented in Fig. 4. 
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111. SCIENTIFIC EVEN 
A. Special Coverage 
ITS AND MEASUREMENTS 
Special coverage was given Pioneer  space-  
craf t  during occultations and syzygys; analyses of 
so la r  events were  made,  and investigations were  
made of magnetosheath and bow shock. During a 
so la r  event of high scientif ic value,  continuous 
tracking coverage f o r  30 to 50 h following the 
event was required  f o r  Pioneer  spacecraft .  De- 
pending upon the location and cha rac te r i s t i c s  of a 
specific event,  coverage  was shared by  the 
P ionee r s  a s  determined by  the Pioneer  P ro jec t  a t  
the t ime of the event. F o r  magnetosheath and bow 
shock, on-board plasma and magnetometer in-  
s t ruments  needed to be operating and the resultant  
scientif ic data received by launch plus 3 to 3 112 h 
o r  8 to 10 ea r th  radi i  altitude. 
The seven scientif ic ins t ruments  that make up 
the scientif ic payload f o r  Pioneer  spacecraf t  a r e  
a s  follows: two cosmic  r a y  de tec to r s ,  two plasma 
de tec to r s ,  one magnetometer ,  and one radio prop- 
agation ins t rument ;  one additional experiment (ce-  
l e s t i a l  mechanics) r equ i re s  no special  ins t ruments  
aboard the spacecraf t .  The payload accounts fo r  
approximately 25% of the total Pioneer  spacecraf t  
weight. The power consumption f o r  the ins t ru -  
ments  (with one plasma detector operating i n  i t s  
low-power mode) i s  9 W. This level  doubles when 
the p lasma detector opera tes  i n  the high-power 
mode,  bringing the overa l l  power consumption of 
the ins t ruments  to 3570 of the  total  spacecraf t  
requirement.  
The ins t ruments  covered approximately 
0. 18 m 2  of the spacecraf t  platform. Approximately 
72% of the t e l emet ry  data was al located di rec t ly  
to the scientif ic ins t ruments  when te lemeter ing in  
the scientif ic data mode, This mode was used 
throughout the miss ions  except f o r  r a r e  occasions.  
Approximately 3370 of the command capability was 
allocated di rec t ly  to the scientif ic ins t ruments  fo r  
controlling the operating conditions. 
Power to the scientif ic ins t ruments  was sup- 
plied directly f r o m  the spacecraf t  p r i m a r y  bus .  
Each ins t rument ,  t he re fo re ,  had i t s  own con- 
ve r t e r .  Power  to a l l  ins t ruments  was turned off 
by a single ground command. Each ins t rument  
could be turned on individually by ground 
command. 
B. Exper iments  
The exper iments ,  manager s ,  and principal  
investigators a r e  l isted in  Table 3.  
1. Celestial  Mechanics Investigation ( JPL) .  The 
th ree  p r i m a r y  objectives of the Pioneer  ce les t ia l  
, - 
mech;nics experiment (PCME) were:  
( I )  Obtain p r i m a r y  determinations of the 
m a s s e s  of the ea r th  and moon and the 
as t ronomical  unit. 
(2) Use the tracking data f r o m  the  whole 
s e r i e s  of Pioneer  probes in a program 
designed to improve the ephemeris  of 
the ear th .  
( 3 )  Investigate the possibility of a ~ e s t  of 
genera l  relat ivist ic mechanics with the 
P ionee r  orbi ts .  
The experiment made  use  of the on-board r e -  
ce iver  and t r ansmi t t e r  equipment in coajuilctioil 
with DSS equipment to obtain two-way doppler 
measuremen t s .  P ioneer  data was appropr ia te  f o r  
this  experiment because of the absence  01 mid-  
course  orbi t  correc t ions  and near-planetary  en- 
counters .  In addition, so lar - radi  ation p r e s s u r e  
effects were  slight f o r  the Pioneer  configxration. 
2 .  Cosxnic Ray Telescope (University of 
Chicago). This ins t rument  m e a s u r e d  the -intensity 
and energy spec t ra  of protons and alpha pa r t i c l e s .  
e lec t ron energy over a l imited r ange ,  and par t ic le  
anisotropy. It had t h r e e  solid-state l i t h i ~ x r - d r i f t  
de tec to r s ,  a plast ic scinti l lator c)i?inder designed 
to  exclude par t ic les  not confined to the telescope 
angle of 60 deg, a photomultiplier tube,  and a s s o -  
ciated electronics.  Proton and alpha par t ic le  en- 
e rgy  spec t ra  measuremen t  was divided into these  
four energy windows: (1) 0. 6- 13 MeV per  nucleon; 
(2) 13-70 MeV p e r  nucleon; (3) 70- 1 9 0  MeV per  
nucleon; and (4) g rea te r  than 190 MeV pe r  nucleol~.  
Detection of e lec t ron energy spec t ra  was lirmitcd 
to  the energy windows of 0. 16-1 and 1-20  MeV pe r  
nucleon. 
3. Cosmic  Ray Anisotropy Detector (Southwest 
Center f o r  Advanced Studies). Tho anisotrol?y of 
low-energy p r i m a r y  and so la r  cosniic radlatlon 
-, A 
and i t s  variat ion with energy,  t ime ,  and nuclear  
species  were  measured .  The ins t rument  com-  
p r i sed  a scinti l lator c r y s t a l .  a n  anticoincidence 
sc int i l la tor ,  two photomultiplier tubes ,  and a s s o -  
ciated e lec t ronics .  The acceptance cone fo r  the 
detector was 107 deg. Energy windour c1iscrimi.- 
nation was achieved by means  of a four-channel ,  
on-board,  pulse-height analyzer.  
4. P l a s m a  Cup Detector (Massachusetts  Institute 
of Technology). A detector that used a Fa raday  
cup with a n  energy-determining gr id .  a spli t  col-  
l ec to r ,  and associa ted  e lec t ronics  made  up this 
ins t rument .  The viewing angle was 120 deg in  the 
plane perpendicular to the spacecraf t  spin axis 
and *60 deg i n  the plane para l le l  to the spin axis.  
Measured were  the energy spec t rum.  f l u x ,  and 
angular distr ibution of both positive ions aricl e lec-  
t rons  of the in terplanetary  p lasma.  
The energy p e r  unit charge  of the positive 
ions was determined in  14 in tervals  extellcliiig 
f r o m  0 .  1 to 9.5 kV; the energy of the c loc*rons  r n  
four energy bands extending f r o m  0 1 to i 6 kc V 
and th f lux sensit ivity range f r o m  2 X 105 to 9 2 X 10 par t ic les  p e r  cm21s.  
5. Quadr ispher ica l  P l a s m a  Analyses (Anies 
Resea rch  Center) .  This in s t rumen t ,  like the 
p la sma  cup detec tor ,  measured the energy spec-  
t r u m ,  f lux,  and angular distr ibution of both posi-  
tive ions and e lec t rons  of the in terplanetary  p lasr~ia  
The instantaneous viewing angle was approxlmate!y 
15 deg in  the plane perpendicular to the spacecraf t  
sp in  axis o r  equatorial  plane and zk80 deg ill the 
plane para l le l  t o  the spin  axis .  The l a t t e r  was 
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divided into eight channels symmetrical about the 
equatorial plane and with widths, starting at  the 
equatorial plane, of 15, 15, 20, and 30 deg. 
The energy per  unit charge of the positive 
ions was determined in 16 logarithmically spaced 
bands extending f rom 0.2 to 10 kV; the energy of 
the electrons in 8 logarithmically spaced bands 
extending f rom 0. 002 to 0 .5  kV; and the flux sen- 
sitivity f rom 105 to 109 particles per  cm2Is .  
Besides a y u a d r i s ~ h e r i c a l  electrostatic ana- 
lyzer ,  8 separate and contiguous current  collec- 
tors  provided 8 sectors  and associated electron- 
i cs .  The current o r  flux measurement was 
expressecl as  a 7-bit word and, together with 
other information identifying energy levels ,  posi- 
tive or negative par t ic les ,  collector,  and equato- 
r i a l  interval,  was s tored in a core  memory. The 
instrurient rec'orded data concurrently with telem- 
eicring data. 
6. Magnetometer (Goddard Space Flight Center).  
The magnetometer,  with a range of rtb4Y, sequen- 
tially nlcasured the magnitude of the three  orthog- 
onal components of the interplanetary magnetic 
field, Capable of four different data recording 
sequences,  the instrument had a single flux gate 
sensor  and associated electronics. A mechanical 
Clip mechanism, which rotated the sensor  through 
IS0 deg, permitted detection and elimination of 
permanent mzgnetization of the core.  The flip 
mechanism contained 22 smal l  squibs grouped in  
pairs io r  redundancy. Each pair of squibs was 
activated by ground command. 
7.  Radio Propagation (Stanford University). 
This experiment involved the transmission of two 
r~oclulatecl coherent c a r r i e r s  of approximately 
49. 8 and 423. 3 MHz f rom the ground and the r e -  
ception of these signals by receivers  aboard the 
spacecrait .  The receivers  were designed to mea- 
sure  the relative phase of the modulation enve- 
lopes of thc two c a r r i e r  frequencies which, since 
the higher frequency was relatively unaffected by 
the presence of ionization, provided a value fo r  
the integrated electron density. In addition, the 
ra te  of change of phase of one c a r r i e r  with respect 
to the other was measured,  thus accurately deter-  
mining the t ime variation of the integrated elec- 
t ron density. Signal strength was also measured.  
Instrumentation comprised two ground-based 
t ransmit ters  operating into a 45. 72-m (150-ft) 
parabolic antenna located on the Stanford Univer- 
sity campus, a dual-channel, phase-locked-loop 
receiver aboard the spacecraft ,  the spacecraft  
te lemetry,  and the DSN. All elements of the sys-  
tem operated simultaneously to provide closed 
loop operation. 
In addition to the objectives described above, 
Pioneer spacecraft  had a s  specific objectives 
those described below: 
(1) Magnetosheath and bow shock definition. 
To perform this investigation, the 
Pioneer spacecraft plasma and magne- 
tometer on-board instruments had to be 
operating, and the resultant scientific 
data received by launch plus 3 to 3. 5 h 
(or  8 to 10 ear th  radii altitude). Pioneer 
spacecraft  performed analysis of the 
magnetosheath of the ear th  through 
December 15, 1967. 
(2) Geomagnetospheric tail  analysis. To 
perform this investigation, the Pioneer 
;light missions required 24-h continuous 
tracking coverage f rom syzygy -5 days to 
syzygy +15 days. Pioneer spacecraft  
successfully completed this investigation 
on February 2, 1968. 
(3) Solar event analysis. During a solar  
event of high scientific value (i. e .  , solar  
f l a re ,  Class I11 o r  above), continuous 
tracking coverage for  30 to 50 h following 
the event was required fo r  Pioneer space- 
craft .  Dependent upon the location and 
characteristics of a specific event, cov- 
erage was shared by the Pioneers a s  
determined by the Pioneer Project  at  the 
t ime of the event. 
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IV. S U P P O R T  ACTIVITY: J U L Y  1, 1969 - JULY 1 ,  1970 
A. G e n e r a l  
R e g u l a r  t r a c k i n g  and d a t a  acquis i t ion  s u p p o r t  
of the  P i o n e e r  VI, VII, VIII, and IX m i s s i o n s  w a s  
s u c c e s s i u l l y  cont inued by  t h e  DSN dur ing  the  p e r -  
iod J u l y  1, 1969 - J u l y  1 ,  1970. The  t o t a l  P i o n e e r  
s u p p o r t  dur ing  the r e p o r t i n g  per iod  w a s  approxi -  
m a t e l y  11 ,  000 h o u r s .  Dur ing  t h a t  t i m e  t h e  
t h r e s h o l d  of the  2 6 - m - d i a m  an tenna  ne twork  w a s  
i n c r e a s e d ,  l e s s e n i n g  t h e  b u r d e n  on the 6 4 - m - d i a m  
an tenna  s ta t ion .  
T h e  DSN co l lec ted  m o r e  t h a n  3. 5  bi l l ion b i t s  
of t e l e m e t r y  d a t a  containing i n f o r m a t i o n  on f ie lds  
and  p a r t i c l e s ,  f u r t h e r  defining t h e  s o l a r  env i ron-  
m e n t .  T h i s  i n f o r m a t i o n  w a s  obtained by m o r e  
than  20 sc ien t i f i c  i n s t r u m e n t s ,  c a r r i e d  by t h e  
f o u r  P i o n e e r  s p a c e c r a f t ,  f lying a t  cons tan t ly  
v a r y i n g  loca t ions  in  t h e  e c l i p t i c  p lane .  T h i s  t e l e m -  
e t r y  d a t a  a l s o  con ta ined  e n g i n e e r i n g  m e a s u r e -  
m e n t s  m a d e  o n b o a r d  t h e  s p a c e c r a f t ,  which in for -  
m a t i o n  i s  n e c e s s a r y  t o  m a i n t a i n  t h e  e a r t h -  
c o n t r o l l e d  housekeeping  funct ions.  The  F l i g h t  
Opera t ions  T e a i n  of the P i o n e e r  P r o j e c t  w a s  
a b l e  t o  c o n t r o l  the f o u r  s p a c e c r a f t  i n  a  n e a r -  
o p t i m u m  conf igura t ion  by  t r a n s m i t t i n g  n e a r l y  7000 
c o m m a n d s  dur ing  t h e  r e p o r t  per iod .  
T h e  DSN s u p p o r t  not only m a d e  i t  p o s s i b l e  t o  
c o l l e c t  scientific d a t a  wi th in  0. 7  t o  1. 2  AU c i r -  
c u l a r  band of the ec l ip t ic  p lane ,  but  t h e  a l m o s t  
da i ly  t r a c k i n g  a c t i v i t i e s  b r o u g h t  t h e  t r a i n i n g  leve l  
of the n e t w o r k ' s  p e r s o n n e l  up  t o  a n  a l l - t i m e  high.  
T h e  s y s t e m a t i c  t r a c k i n g  of P i o n e e r s  m a d e  the  
in -dep th  eva lua t ion  of the  p e r f o r m a n c e  of the  
s p a c e c r a f t / D S N  t e l e c o m m u n i c a t i o n s  l inks  poss ib le .  
T h e  s p a c e c r a f t  w e r e  o p e r a t i n g  on t e l e m e t r y  b i t  
r a t e s  be tween  8 and 512 b i t s / s .  S o m e  88. 5'70 of 
t h e  P i o n e e r  d a t a  r e c e i v e d  d u r i n g  the  p e r i o d  w a s  
a l m o s t  e r r o r - f r e e ,  w i t h  only 11. 57'0 of the  d a t a  
s t r e a m s  exhibi t ing a  bi t  e r r o r  r a t e  of m o r e  t h a n  
1  e r r o r  i n  1000 b i t s .  T h e  r a n g e  of t h e  t e l e c o m m u -  
n ica t ions  l inks  v a r i e d  be tween  0. 1  and 1. 8 AU. 
D u r i n g  t h e  r e p o r t i n g  p e r i o d ,  the  DSN a l s o  
s u p p o r t e d  Apollo 12 and t h e  planning,  t e s t i n g ,  and 
l a u n c h  p r e p a r a r i o n s  of t h e  i l l - fa ted  P i o n e e r  E .  
B. Sun R a d i a l / S p i r a l  E x p e r i m e n t  
S u c c e s s f u l  DSN s u p p o r t  included t h a t  of a  s u n  
r a d i a l / s p i r a l  e x p e r i m e n t  ( F i g s .  5- 11)  i n  w h i c h  
DSS 14 t r a c k e d  P i o n e e r s  VI and VII on a n  a l t e r -  
nat ing b a s i s .  T h e  e x p e r i m e n t  began  October  29, 
1969, and w a s  s u c c e s s f u l l y  c o m p l e t e d  d u r i n g  
J a n u a r y  1970. The DSN b e c a m e  off icial ly  involved 
i n  t h e  e x p e r i m e n t  on October  20, and cont inued on 
w i t h  it th rough  J a n u a r y  upon r e q u e s t  of P i o n e e r  
P r o j e c t .  P i o n e e r  VI and  VII e a r t h  a l i g n m e n t  w a s  
N o v e m b e r  28 and  29, when  bo th  s p a c e c r a f t  w e r e  
i n  DSS 1 4 ' s  0. 14-deg b e a m w i d t h  (uplink b e a m w i d t h  
i s  0. 15 deg) .  
S imul taneous  t r a c k i n g  w a s  a c c o m p l i s h e d  w i t h  
t h e  an tenna  point ing m i d w a y  be tween  t h e  two 
s p a c e c r a f t ;  r e c e i v e r  1  w a s  locked  t o  P i o n e e r  V I  
and  r e c e i v e r  2  t o  P i o n e e r  VII. T e l e m e t r y  d a t a  
f r o m  both  s p a c e c r a f t  w a s  t r a n s m i t t e d  i n  r e a l - t i m e  
t o  ARC. P i o n e e r  VI d a t a  w a s  p r o c e s s e d  a t  DSS 14;  
P i o n e e r  VII d a t a  w a s  p r o c e s s e d  a t  DSS 12 v i a  the  
m i c r o w a v e  link. 
T h e  P i o n e e r  P r o j e c t  e x p r e s s c c  au - -c  _ r a w l o  1
f o r  t h e  a m o u n t  and qua l i ty  of DSN i a p p c r t  re- 
p o r t i n g  t h a t  the  d a t a  t u r n a r o u n d  t i m e  (6-1 - )  
b e f o r e  and  a f t e r  alignment w a s  c> ccller- alrcl I 31i 
t h e  d a t a  a c q u l r e d  a p p e a r e d  good. 
Objec t ives  of t h e  e x p e r i m e n t  WE:-e. 
(1 )  T o  determine t h e  cone  alr?'e or 11" - C <  
m i c  r a y  e m z s s i o n s  f r o m  tllc s 7 ,  
(2 )  T o  d e t e r m i n e  the  e f fec t  1,: 31, . r l ? -  i 5 
on t h i s  cone  angle.  
( 3 )  T o  m e a s u r e  t h e  t r a v e l  t i n ~ e  3 f  1'c - 3 .  
m i c  r a y s  be tween  P ionee  I s \7' a n d  \ -' 
(4 )  T o  d e t e r m i n e  the  ang le  of t b -  1 )  t ;  713 
s p i r a l  i n  t h e  r e g i o n  of tl3r h b o  - 1  - i  - ~ r , ~ t  
( 5 )  T o  m e a s u r e  t h e  t r a v e l  t ~ m -  o f  1 1  c la-]- 7 
be tween  t h e  two s p a c e c r a f t .  
(6 )  T o o b s e r v e t h e  d a t a  from) lie-h , ~ - c p L ~ ~ ~  
s i m u l t a n e o u s l y  a s  m u c h  a< y o i b  1,  c 
The  t e l e c o m m u n i c a t i o n s  c h a r z c t r r  ~r - 5  r 
a s  fo l lows:  
(1 )  DSS 14. 6 4 - m - d i a m  an tc l ,na ,  y ~ t e 1 9  1nc - 
t e m p e r a t u r e ,  25°K a t  mcl  JCI a - I i t  o i  
p o l a r ~ z a t i o n .  
(2 )  P i o n e e r  VI. B i t  r a t e ,  16 b i t - s j ; :  ~.!oi?-- 
c o h e r e n t  m o d e  ( c o m m a n d e d ) :  c!ianr.cj 
6 ;  expec ted  nomina l  a v e r a g e  AGC, 
- 159. 5  dBmW; downlink fre~tue~ncy. 
2292. 021400 m H z ;  r o u n d - e r i c  I.g1:1- t i ~ r c ,  
24 m i n  and 8 s .  
(3)  P i o n e e r  VII. Bi t  r a t e ,  16 b l t s  - 1101- 
c o h e r e n t  m o d e ;  Channe l  6 eupc cterl 
n o m i n a l  a v e r a g e  AGC, - 162.  3 ti E,~IT\  
downlink f r e q u e n c y ,  2292. 0507'1? n713/ 
r o u n d - t r i p  l igh t  t i m e ,  27 311 i 7 1 1 1  2 9  
(4 )  Downlink f r e q u e n c y  dif1ercr~:-c. !?. 92i..'CO 
m H z .  
E x p e r i m e n t a l  r e s u l t s  w e r e  a s  'oilrx - 
(1 )  N o v e m b e r  28,  1969 
P i o n e e r  VI: P a s s  1444,  ake -a: c C, 
- 164. 6  dBmW. 
P i o n e e r  VII: P a s s  1200, T J C  Y i C  1:" 
- 165. 3 dBmW. 
( 2 )  N o v e m b e r  29, 1969 
P i o n e e r  VI: P a s s  1445, ave a r c  1C, 
- 1 6 2 . 7  dBmW. 
P i o n e e r  VII: P a s s  1201,  avc ra . j e  PGC 
- 163. 1  dBmW. 
E n g i n e e r i n g  I m p r o v e m e n t s  
Two I m p o r t a n t  an tenna  modif  i at. on, ~c>,-c 
n e c e s s i t a t e d  b y  t h e  o t h e r )  w e r e  m a d e  a t  tile 
Golds tone  d e e p  s p a c e  c o m p l e x  d u r i n g  thc f i r s t  
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q u a r t e r  of 1970. A mult iple feed cone s t ruc tu re  
(Casseg ra i r  sys  t em)  was  instal led on the 64-m- 
diam antenna ai; DSS 14 and an R&D S-band polar-  
ized ultracone I(SPU) was  instal led on the 26-m- 
cllam antenna a t  DSS 12. The DSS 12 instal lat ion,  
corm1~1eted in th ree  days ,  was  n e c e s s a r y  to  con- 
t i rue  support  of the distant  P ioneer  VI, VII, and 
I Y  spacecraf t  during the five weeks  requi red  to 
-rake the t r icone  instal lat ion a t  DSS 14. The 
DSS i 2  modification proved s o  successful  i n  
eutcnding the 26-m-diam antenna capabil i t ies 
that  i t  was  orciered continued beyond the 
reyvLi:ecl periocl. 
! DSS i 4  Modification. The change of feed 
sys tenis  to a mult iple feed cone was  made to 
elirninatc tile e:rcessive t ime requi red  (approxi- 
~r la te ly  one day11 for feed cone replacement.  This  
cone renlacement  t ime  had made the stat ion in- 
efl icient  in employing different  feed sys t ems  for 
diiFerent inissions.  
Tlic ieed cone tha t  had been in use  was  de- 
signed Sor maximum ve r sa t i l i t y  a t  S-band so  that  
one cone coulcl be used t o  sa t i s fy  a l l  major  S-band 
rnis s ioc  requi rements .  (Use of specia l -purpose  
cones gave improved performance  and a l so  per-  
tnitter! exper iments  a t  other frequencies.  ) 
Severa l  feed cone t u r r e t  configurations de- 
signecl to permi t  rapid feed  cone changes w e r e  
cxan-liiiecl. The m o s t  promis ing sys t em consis ted  
of three  X F  feed horns ,  each mounted sepa ra t e ly  
i n  stanciard JPL, Cassegra in  cones ,  a l l  mounted on 
the antenna ' s  feed cone base  cylinder and i l lumi- 
nacing one hyperboloidal  subref lec tor  assembly .  
The l l r~~e rbo lo ic l  was controlled,  and rotat ion about 
i t s  own axis selected the des i r ed  feed. Assuming 
perfec t  aiigriment of the hyperboloid and the t h r e e  
feed ho rns ,  the direction of the R F  b e a m  was  the 
sarme (along the paraboloid ax i s )  fo r  a l l  t h ree  R F  
ieed horns .  This t r icone  sys t em permi t ted  a 
5 - , i n  (or l e s s )  change between the t h r e e  individ- 
ually mountccl operational  feed sys t ems .  
Instal lat ion of the t r icone  s t ruc tu re  began in 
late J anua ry ,  and the f i r s t  P ioneer  P r o j e c t  u se  
of the antenna af ter  instal lat ion was  for suppor t  
of P ioneer  V I I  on March  3. The t r icone  provided 
g r e a t e r  operational  versa t i l i ty  and sa t i s f ied  de- 
mands for permanent ly  ins ta l led  projec t -pecul iar  
Ri; feeds with rapid ,  s imple ,  and safe changeover 
means .  
A s  the bes t  solution to using a mult iple feed 
co:?e sys t em,  the t r icone  s t ruc tu ra l  subsys tem 
was  designed with fixed feeds combined with a 
rotat ing directional subref lec tor .  The DSS 14 
20-kW t r ansmi t t e r  was  used in the t r icone  to  sup- 
po r t  "tu?.~i-on'l operations.  T h r e e  inner-access ib le  
rnoduLcs supported the th ree  feed cones.  
Minor a l te ra t ions  w e r e  r equ i r ed  on the SPU 
to allow i t s  use on the DSS 14 t r icone  equipped 
antenna. One a l te ra t ion  cons is ted  of a new in t e r -  
Lock sys t em to  protec t  equipment and personnel  
fro;?] thc new 400-kW t r ansmi t t e r .  This  r equ i r ed  
fabricati i i :~ of a  new switch cont ro l  panel and 
ju~iction box  for the cone. A second a l te ra t ion  
Includeci the construction of a new power supply 
with a synchro indicator to  opera te  the rece ived 
l inear  polarization angle sys t em for u se  with the 
i210neer spacecraf t .  A th i rd  a l te ra t ion  was  the 
addition of a polarization indicator to display the 
t r ansmi t t ed - rece ived  signal  condition, i. e. , 
r ight-  c i r c u l a r ,  left-  c i r c u l a r ,  o r  l inear  
polarization.  
Substantial  improvements  w e r e  a lso  made in 
the X-band cone (MXK), a low-noise antenna feed 
sys t em designed p r imar i ly  for u se  with the DSS 14 
antenna t r icone  sys tem.  It w a s  used previously 
t o  evaluate the 64- m-d iam antenna s t ruc tu re  a t  
h igher  frequencies for the DSN. The improved 
MXK cone configuration was  cons idered  a logical 
s tep  f rom the X-band cone used for the f i r s t  
high-frequency gain measu remen t s  on the DSS 14 
antenna. 
The t r icone  s t ruc tu re  had t h r e e  ma in  feed 
cone assembl ies .  However, during the design 
s tage ,  i t  was  found possible to s top  the  sub- 
ref lec tor  (all motions controlled f rom the antenna 
console)  in two additional posit ions over the R&D 
cone if the individual feedhorns could be mounted 
on an a r c  with 48 -cm cen te r s .  At X- band 
(7000 MHz) o r  above, i t  was  possible to mount 
t h r e e  sepa ra t e  antenna sys t ems  in one cone. 
The completed cones consisted of a single- 
channel X-band feed sys t em,  m a s e r ,  and associ -  
ated r e c e i v e r  and calibrat ion equipment. 
2. DSS 12 Modification. Tracking was sus-  
pended January 27 to r ep lace  the S-band Casse -  
g ra in  monopulse feed cone (SCM) a t  DSS 12 with 
the SPU. Installation was completed Janua ry  29. 
The SPU provided the  P ionee r  projec ts  with an 
26-m-diam antenna t racking sys t em capable of 
providing data  in the Goldstone complex longitude 
during the DSS 14 t r icone  reconfiguration.  (The 
Mar ine r  M a r s  1969 Extended Operations Mission 
a lso  was  supported. ) During the th ree -day  r e -  
configuration per iod ,  the ha rdware  was  modified 
and abbreviated sys t em t e s t s  w e r e  performed.  
Modifications to the s tandard  J P L  t racking 
and communications sys t em consisted of (1) 
replacement  of the SCM cone, diplexer,  and 
associa ted  waveguide with an  SPU cone,  modified 
switches,  and a harmonic  f i l t e r ;  (2)  replacement  
of the s tandard  DSIF m a s e r  with an R &D-type 
second- generation m a s e r ;  ( 3 )  minor  modifications 
to the s tandard  microwave switch control  a s s e m -  
bly;  and (4) minor reconfiguration of the cone a i r -  
conditioning sys tem.  Subsequent to the instal l-  
ation, s t a r  t r a c k s  and abbreviated sys t em t e s t s  
w e r e  performed which provided the following 
data :  (1) a m a s e r  gain of 47 dB vs  the n o r m a l  
gain of 35 dB; (2) a s y s t e m  t empera tu re  in the 
diplex mode of 25. 8'K vs  a normal  sys t em t em-  
pe ra tu re  of 42. O°K, and a sys t em t empera tu re  
in the rece ive-only  mode of 17. 6°K vs  a no rma l  
sys t em t empera tu re  in th is  mode of approximately 
30. 0°K. 
At  the  conclusion of t e s t s  the stat ion was  
commit ted  to the P ionee r  projec ts  and Mariner  
mis s ion  on a bes t -  efforts  bas is .  Subsequently, 
successful  t racking was  accomplished on Pioneer  
spacecraf t  a t  the following average  signal  levels :  
P ionee r  VI, - 169. 1 dBmW; Pioneer  VII, - 171.4 
dBmW; Pioneer  VIII, -162. 1 dBmW; and P ionee r  
IX. - 170.4 dBmW. 
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D. Studies a n d T e s t s  
1. Te leme t ry  Sys tem Pe r fo rmance  Studies. The 
DSN te l eme t ry  sys t ems  operations analys is  t e a m  
made  a study of the DSN te l eme t ry  sys t em pe r -  
formance  during a l l  P ionee r  VI, VII, and IX 
mis s ion  suppor t  for  the month of February .  The 
average  downlink signal  s t rength  and the average  
t e l eme t ry  signal-to-noise r a t io  (SNR) pe r  pas s  
a r e  plotted in Fig. 12. The predic ted  values of 
the two p a r a m e t e r s  a r e  shown a s  dotted l ines  on 
the graphs.  
Analyses of the plots  indicated that  the 
downlink signal  s t rength  was affected v e r y  l i t t le  
by the low-noise cone,  but tha t  the SNR was 
improved on the o r d e r  of 1. 8 dB. The P ionee r  
IX graphs  show both the downlink and SNR 
below p red ic t s ,  but usable  t e l eme t ry  data was 
obtained. 
The improvement  in SNR was  d i rec t ly  r e l a t ed  
to  the dec rease  in sys t em t empera tu re  because  of 
the design of the ultracone.  The average  sys t em 
t empera tu re  a t  DSS 12 p r i o r  to ultracone instal la-  
tion was 39 deg. With the ultracone one-way 
mode ,  sys t em t empera tu re  averaged approxi- 
mate ly  18 deg; two-way mode was  approximately 
27 deg. These  lower sys t em t empera tu res  indi- 
ca ted  a theore t ica l  i n c r e a s e  of 1. 5 dB two-way and 
3 dB one-way. Since the p a r a m e t e r s  w e r e  ave r -  
aged over the en t i r e  pas s ,  which in some  c a s e s  
would be  both one- and two-way, the average  
SNR gain could have fal len between these  va lues ;  
analys is  of the plots showed tha t  t o  b e  the case .  
Operations w e r e  conducted wi th  DSS 12 
tracking,  in m o s t  c a s e s ,  in th is  o r d e r :  P ionee r  
IX, followed by P ionee r  VI, followed b y  P ionee r  
VII on the s a m e  day. The th ree  plots a l l  have 
approximately the s a m e  curve.  All t h r e e  cu rves  
show the downlink to  be high on F e b r u a r y  11, and 
t o  b e  low on F e b r u a r y  24 and 25. This  indicates 
d iscrepancies  in the accu racy  of the automatic 
gain control  cal ibrat ion.  
Another study was made of the DSS 51 
t e l eme t ry  s y s t e m  performance  for  the per iod  
March  15 through March 31 by the DSN te l eme t ry  
sys t em operations analys is  team.  Data f r o m  
P ionee r  VIII was  used.  A plot of the t e l eme t ry  
signal-to-noise ra t io  vs  t ime  was  made  to  check 
agains t  the predicted values (Fig. 13). The down- 
link data was  taken f r o m  both the T C P  DT-50 out- 
put and the digital  instrumentation subsys tem (DIS) 
DT- 30 output. Analyses of the plots indicated tha t  
t h e r e  was  a difference of approximately 1. 6 dBmW 
between the T C P  output and the DIS output. The 
DIS data  was  cons idered  to be m o r e  accu ra t e  be- 
cause  the DIS was ca l ibra ted  daily; a l so ,  the 
data i s  c lose  to the predic ted  value. Both data 
sou rces  w e r e  approximately equal on March  31. 
T h e r e  w a s  no explanation in any of the stat ion r e -  
po r t s  for  th is  occurrence .  The t e l eme t ry  SNR 
appeared  to be slowly decreas ing  during the t ime  
period (approximately 1 dB over the 2-week 
period).  
2. Two-Station Te leme t ry  Combining Tes t s .  
Two- stat ion t e l eme t ry  combining t e s t s  w e r e  
conducted in March and Apr i l  1970. The f i r s t  
t e s t  was  conducted a t  DSS 61 and 62 using data 
f r o m  Pioneer  VIII. The second t e s t  was  con- 
ducted a t  DSS 11  and 12 using data  f r o m  
Pioneers  VI and IX. Pu rpose  of -he t e s t s  was to 
improve the quality of c u r r e n t  te le lne t ry  data a n d  
to extend the useful  t e l eme t ry  support  for the 
m i s s  ions. 
The t e s t  a t  DSS 61 and 62, using baseband 
t e l eme t ry  f r o m  P ionee r  VIII, began March Zi. 
The t e l eme t ry  da ta  was received sirnultaiieously 
a t  DSS 61 and DSS 62, with the data f r o m  CSS $2 
being t ransmit ted  via the microwave link to 
DSS 61, where  the two data  s t r e a m s  were  corn- 
bined in a summing ampl i f ie r  and then pro- 
c e s s e d  by the on-line TCP.  Near  midpass ,  
the DSS 62 s ignal  was deleted for  approximately 
24 min ,  leaving only the DSS 61 signal  to be 
p rocessed .  This procedure  was then r eve r sed  
with only DSS 62 data  being p rocessed  for the 
next 24 min.  After that ,  the two data s t r e a m s  
were  again combined for  the remail ider of the 
tes t .  
Following the t e s t ,  the DSN te1eine"iy s y s -  
t e m  operations analys is  t eam ext rac ted  all p a r i t y  
e r r o r  r a t e  (PER)  data  points f rom the type-50 
data and converted them t o  SNR. Tliese SISR 
points were  then plotted vs  t ime  (Fig .  1 4 ) .  The re  
appeared  to  be  a significant  difference between 
the SNR with combined data  and the SNR of single 
stat ion data. The enhancemen.t of the combined 
data appeared  to  be on the o r d e r  of 2, 5 r!B, 
whereas  an improvement  of 3 dB was indicated 
w h e r e  
SNRT = improvement  in dB 
SNRl = SNR of single stat ion JDSS 6 l j  
T I  = s y s t e m  noise t empera tu re  of singie 
stat ion (DSS 61) 
T2 = sys t em noise tempel-ature of a s s i s i -  
ing stat ion (DSS 62) 
The 0. 5-dB difference could he  explained i l l  
p a r t  by the phase  delay between s ta t ions ,  some  
co r re l a t ion  in the noise energy,  and b y  the mix- 
ing p rocess  inefficiency. 
The t e s t  a t  DSS 11 and 12, using t e l eme t ry  
da ta  rece ived f rom a s e r i e s  of nine pas ses  with 
P ionee r  VI and four p a s s e s  with P ionee r  IX, 
began Apr i l  21 and continued to  May i. The data 
was  rece ived simultaneously a t  DSS !I and li;, 
wi th  the data f r o m  DSS 11 sen t  v i a  microwave 
t o  DSS 12 (the p r ime  stat ion),  where  it was  com- 
bined by a summing ampl i f ie r  and p rocessed  by 
the on-line TCP.  DSS 12 data  was  fed d i rec t ly  
into the ampl i f ie r  while DSS 1 1 data. went 
through a potentiometer before  entering the 
ampl i f ie r .  This permi t ted  adjus tments  to the 
mixing r a t io  for  optimum performance .  
The DSN te l eme t ry  sys t em operations ana l -  
y s i s  t eam ext rac ted  a l l  of the PER data  poin.Ls lrcrn 
P ionee r s  VI and IX type-50 engineering data to  
b e s t  indicate the ove ra l l  per formance .  The PER 
w a s  converted t o  slgnal-to-nolse ratro and t h e l  
plotted on graphs  vs  t ime (Flgs.  1 5  - 27 1. 
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P r i o r  to the t e s t ,  the  average  SNR for P ionee r  
Vi a t  DSS 12  had been approximately 5. 8 dB. After  
the t e s t ,  ano-ther check indicated an SNR of 6. 1 dB. 
The SNH was noticeably higher during the t e s t ,  a t  
tii-ces reaching a high of 7. 9 dB. 
The c r i t i ca l  set t ings requi red  for  the optimum 
mixing r a t io  of the two incoming signals p r i o r  to  
combining was  a point of i n t e re s t  during the tes t .  
Since DSS 1 Z ,  with i t s  ul tracone,  had a different  
co:'liguration than DSS 11, some  difficulty was  
experienced i n  perfecting the mixing rat io.  The 
l a t e r  p a s s e s  tended to have higher average  r ead -  
ings.  This was  believed t o  be a r e s u l t  of the 
perfecting of the mixing ra t ios .  
In conclusion, the t e s t  displayed a definite 
irnproven~er. t  In t e l eme t ry  performance .  The im- 
provernei~t  appeared  to be on the o r d e r  of 2 dB. 
3. P ~ o ~ l e e r  V I I I  Special  Tes t s .  During September  
of 1909 3 C  DSS 12 a t e l eme t ry  t e s t  w a s  pe r fo rmed  
Ln Ulonr i r  VIII, pass  645, t b  compare  t h e  MMT 
ancl G3L' uslng the 3- and 12-Hz BLO, respectively.  
The v e s u l i s  of l h ~ s  t e s t ,  a f te r  t e s t  da ta  analys is ,  
indicated tha t  the SDA/MMT pe r fo rmed  approxi- 
ma te ly  1. 2 dB be t t e r  than the GOE in both the 
3- and 12-Hz B L o  The 3-Hz BLO pe r fo rmed  
approximate ly  1. 4 dB bet ter  than 12-Hz 2BL0 
using e i the r  the SDAIMMT o r  the GOE. 
Another t e l eme t ry  t e s t  with Pioneer  VIII 
w a s  performed on October 2, 1969 ,  to compare  
the t e l eme t ry  signal-to-noise improvement  of 
the MMT and GOE using the 3- and 12-Hz t r ack -  
ing loop bandwidth. Th i s  t e s t  conf i rmed and 
verif ied that  da ta  obtained in the September  
tes t .  
A th i rd  P ionee r  VIII t e s t  w a s  performed 
a s  the r e s u l t  of an e r r o r  in the command modu- 
lat ion c a r r i e r  suppress ion  calibrat ion.  The t e s t  
procedure  was  t o  lock the r ece ive r  ( a t  12-Hz 
t racking loop bandwidth) to the t e s t  t r ans l a to r  
and m e a s u r e  the c a r r i e r  suppress ion  with 
modulation applied using the wave analyzer .  
The r e su l t s  showed a d i f ference  in the modula- 
tion index set t ing of 0. 5 dB when the loop band- 
width was  changed f rom 3 to 12 Hz and f r o m  
12 to  48 Hz. 
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V .  PIONEER V I  FLIGHT SUPPORT SUMMARY 
A .  S ~ a c e c r a f t  Posi t ion 
T h e  Pioneer  V I  spacecra f t  w a s  being t racked  
b y  the DSN a t  283.25 m i l l i on  k i l o m e t e r s  f r o m  the  
ear th  and 141.45 m i l l i on  k i l o m e t e r s  f r o m  the  sun  
when  th i s  repor t  period began ( Ju l y  1 ,  1969).  A t  
the  c lose  o f  t he  r epor t  period ( J u n e  30 ,  1970) t he  
spacecra f t  w a s  being supported b y  the  DSN a t  
197. 07 mi l l ion  k i l o m e t e r s  f r o m  the  ear th  and 
130. 02 m i l l i on  k i l ome te r s  f r o m  the  sun .  T h e  
spacecra f t  w a s  nearing r e tu rn  to  o f f i c i a l  two-way 
support  b y  t he  2 6 - m - d i a m  antenna s ta t ions .  
B .  S u ~ ~ o r t  P e r f o r m a n c e  
T h e  DSN s u c c e s s f u l l y  supported t rack ing  and 
data acquis i t ion  f o r  Pioneer  V I  during the repor t -  
ing period.  The  per fo rmance  o f  t h i s  support  w a s  
a l m o s t  en t i r e l y  accomplished b y  the  6 4 - m - d i a m  
antenna fac i l i t i es  because  Pioneer  V I  was  beyond 
the  l im i t s  o f  the 2 6 - m - d i a m  antennas'  tracking 
capabi l i t i es .  However ,  a f t e r  engineering m o d i f i -  
ca t ions ,  DSS 12 a l so  fu l f i l l ed  the  support  func t ion  
w i t h  i t s  2 6 - m - d i a m  antenna whi le  the  6 4 - m - d i a m  
antenna a t  DSS 14 was  undergoing modi f ica t ion  for 
improved  support o f  spacecra f t .  
C .  Spacecra f t  Status 
T h e  status o f  the  Pioneer  VI  spacecra f t  near  
t he  c lose  o f  t he  report ing period can  be s u m m e d  
up  a s  f o l l ows :  
1.  Commun ica t ions .  A  r e c e i v e r  2  (channel  7 )  
ma l func t i on  prevented nominal  u s e  o f  channel 7  
uplink or two-way l ink .  T h e  high-gain antenna/  
r ece i ve r  2  charac t e r i s t i c s  had degraded t o  a  l e ve l  
below the  low-gain an t enna / rece i ve r  1 pe r fo rmance .  
Coherent  operation on channel 6  at 16 b i t s / s  
on the  6 4 - m - d i a m  antenna and 8  b i t s / s  on  t he  2 6 - m -  
d i a m  antenna w i t h  the  S-band polarized ul tracone 
at DSS 12 was  standard.  Operation at DSS 12 w i t h  
t he  SPU w a s  one-way (downlink on l y )  because  o f  
low signal s t rength  at t he  spacecra f t  r ece i ve r  using 
t he  low-gain antenna.  
2 .  Power .  T h e  so lar  a r r a y  had degraded because  
o f  solar part icle  damage .  T h i s  was  not  considered 
a  problem because  o f  orbital  charac t e r i s t i c s .  T h e  
ba t t e ry  was  turned o f f  a s  planned. 
3 .  Orientat ion.  T y p e  I ( A  and C )  and type  I1 ( B  
and D)  s ensor s  had undergone a n  u l t rav io le t  ( U V )  
degradation t o  t he  point that  t h e y  w e r e  cons idered  
unusable .  A  gas leak following launch had c o m -  
pletely  exhausted the  gas supply .  
4 .  Sc ience .  All  i n s t rumen t s  except  t h e  Stanford 
radio propagation i n s t rumen t  w e r e  operating nomi -  
nal ly .  T h e  ear th - spacecra f t  d i s tance  was  beyond 
the  range o f  t he  radio propagation ground antenna.  
T h e  on-board i n s t rumen t  had not b e e n  turned o f f .  
D. Engineering and Operations 
1. T rack ing .  Pioneer V I  spacecra f t  w a s  t racked  
f o r  a  total  o f  1 ,454  h  and 46 m i n  f r o m  J u l y  1 ,  1969, 
t o  J u l y  1 ,  1970 ( p a s s e s  1295 through 1658) .  All  
t rack ing  support  was  provided b y  the  6 4 - m - d i a m  
antenna stat ion DSS 14 unti l  pass 1507 on  January 
30 when  DSS 12,  w i th  an SPU feed cone instal led on 
t h e  2 6 - m - d i a m  antenna,  took over  support  wliiie 
DSS 14 w a s  being m o d i f i e d .  DSS 12 supported all 
13 passes  during February  1970, and 30 o ~ t  o f  31. 
passes  during March  1970,  w i t h  DSS 14 sapporting 
the  o ther .  DSS 14 supported two  passes  6uring 
Apr i l  and DSS 12 the  o ther  27.  Again in  May.  
DSS 14 supported t w o  passes  and DSS 12 supported 
31 .  During the  f inal  m o n t h  o f  t he  report ing pericc! 
DSS 14 supported 8  p a s s e s ,  DSS 12 sr.pported 2 8  
p a s s e s ,  and DSS 51 supported 1 pass .  
See  Table  4  f o r  t rack ing  periods aiitl t ~ v e s .  
For m a t e r i a l  relat ing t o  fac i l l ty  7 rna -c~ermcn t s  
and t e s t s ,  s e e  Sect ion 111-C. 
2 .  Metr ic  Data C o m m e n t s .  No m a j o r  anomal ies  
w e r e  encountered during J u l y ,  Aug-inst. arid Sep- 
t e m b e r  1969, and Pioneer  V I  was  success f i : l !y  
t racked  b y  DSS 14. T h e  spacecra f t  was t racked  in  
t he  one- and two-way coherent  m o d e  durjiq passes 
1294 through 1385. T h e  spacecra.ft  s i gns?  s  trerigtl. 
w a s  wi th in  the  64-m-diam-antenna t1ires':iold mar- 
gin b y  approximate ly  3  d B m W .  Tlie f e i e n l e t r y  bit 
ra t e s  w e r e  8  and 16 b i t s / s .  The  te le i re i l -y  q u a l i t y  
w a s  general ly  good; t h e  only exceptions w e r e  
passes  1294 and 1343. 
During J u l y ,  P ioneer  VI  was  tracked l o r  a 
total  o f  29 h  and 18 m i n ,  during Ailgust ,  f o r  50 h 
and 29 m i n ,  and during S e p t e m b e r ,  f o r  102 h aiici 
43 m i n .  Usable  m e t r i c  data was  obtzinec! f o r  
98.2% o f  t he  total  actuaI t rack ing  t i m e .  
No m a j o r  anomal ies  w e r e  encoiintcreci durilqn A-tz
October ,  N o v e m b e r ,  and December  1969. Pi:,neer- 
V I  w a s  s u c c e s s f u l l y  tracked b y  D:3S 14 fo-I- a  total  
o f  300 h  and 11 rnin on 67 passes  (1366-1-175). Thi: 
b i t  ra te  w a s  16 b i t s / s ,  and t he  average  rece ived  
signal s t rengths  w e r e  -163 .  5 dBniW i n  Oc tober ,  
- 161.0 dBmW i n  N o v e m b e r ,  and - 162. 0 dBmW i n  
December .  
Pioneer  V I  w a s  t racked  a  to ta l  oL 115 h ancl 
47 rnin over  27 passes  (1386-1416) during O c t o b e ~ .  
a  total  o f  85 h and 12 rnin over  1 9  passes  (1417- 
1446) during N o v e m b e r ,  and a  to ta l  c f  99 11 aiitl 
12 rnin over  21 passes  (1447-1477) d~~r i i i p .  
December .  
No m a j o r  anomal ies  w e r e  encountereti duril:g 
January ,  F e b r u a r y ,  and March  1970. f)jol:eel- 1'1 
w a s  t racked  sa t i s f ac to r i l y  f o r  a  to ta l  o f  402 h a r d  
44 rnin on  62 passes  (1478- 1567) b y  DSS 1.4 ancl 
DSS 12. T h e  b i t  ra te  was  16 b i t s / s  f o r  January  and 
February  and 8 b i t s / s  during Marcli ,  T h e  average  
rece ived  signal s t rengths  w e r e  - 1 6 2 .  9 t i l imW in 
J a n u a r y ,  - 169.3 dBmW i n  F e b r u a ~ y  . ant1 - 170.7 
dBmW i n  March .  
Ploneer  V I  was  t racked  a  total of 6 3  h an2 12 
m i n  over  27 passes  (1478- 1508) dur l~ ig  Jaiiaarv a  
total  o f  54 h and 57 rnin over  13 passes  (1513- 1536) 
during February ,  and a  total  o f  2 7 9  h anti 3 5  ~ 2 1 1 1 7  
over  31 passes  (1537- 1567) during Mas ch 
DSS 14 provided support  until pass 1 507,  whe:i 
DSS 12 was  employed  and continued through the e n d  
o f  t he  quar t e r l y  period.  However ,  DSS 12 could 
not  lock two-way because  of  threshold operat ions .  
DSS 11 was  used in  conjunction w i th  DSS 12 
because  the  10-kW output at DSS 12 was  i i isuf f icient  
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ti; t r a n s n i t  c o m m a n d s .  DSS 1 1  w a s  conf igured  t o  
Lransmit  c o m m a n d s  a t  40 kW whi le  DSS 12 w a s  
usec! in t h e  ].ow.-noise r e c e i v e  conf igura t ion .  T h e  
commancls  f r o m  DSS 12 ground  o p e r a t i o n s  equip-  
m e n t  (CiOE) w e r e  s e n t  t o  DSS 1 1  o v e r  t h e  c o m -  
mv.nication land  l i n e s  b e c a u s e  t h e  m i c r o w a v e  s y s -  
kern betwee11 the  two s t a t i o n s  w a s  i n o p e r a t i v e .  
The  configura:ion w a s  i n d i c a t e d  b e c a u s e  t h e  down- 
link s i g n a l  l e v e l  w a s  n e a r  r e c e i v e r  t h r e s h o l d  and 
i t  w a s  n e c e s s a r y  t o  t r a n s m i t  c e r t a i n  c o m m a n d s  t o  
Piioneel- VI. 
3, Do-ipier In format ion .  F i g u r e s  28-30 show 
-  
plo t s  of the  d o p p l e r  b i a s  f o r  P i o n e e r  VI f o r  J u l y ,  
Augus t ,  and S e p t e m b e r  of 1969.  A s  i l l u s t r a t e d ,  
t h e  dopple r  b i a s  r a n g e d  f r o m  160 t o  185  H z  d u r i n g  
8 p a s s e s  t r a c k e d  i n  J u l y ,  f r o m  227 t o  259 Hz d u r -  
ing 10 p a s s e s  t r a c k e d  by DSS 1 4  i n  Augus t ,  and 
f r o m  261 to a  m a x i m u m  of 265 Hz  a t  t h e  beginning 
of S e p t e m b e r ,  then d e c r e a s i n g  t o  252 Hz a t  t h e  end 
of S e p t e r c b e r ,  dur ing  which  DSS 1 4  t r a c k e d  24  
p a s s e s .  The need f o r  a n  updated o r b i t  s e e m s  
a p p a r e n t .  
F i g n r e s  31-33 show plots  of t h e  dopple r  b i a s  
f o r  P i a n c e r  V? f o r  O c t o b e r ,  N o v e m b e r ,  a n d  
Decerr.bcr of 1969 .  Dur ing  O c t o b e r ,  t h e  changing 
d o p p l e r  b i a s  f o r  p a s s e s  1386 t h r o u g h  1394 indi-  
c a t e d  a  need f o r  updated o r b i t  condi t ions .  New 
o r b i t  condi t ions  w e r e  g e n e r a t e d ,  and DSS 14 c o m -  
m e n c e d  t r a c k i n g  wi th  a  new s e t  of p r e d i c t s  b a s e d  
e n  the i?e.~v o r b i t  f o r  p a s s  1395. A s  i l l u s t r a t e d ,  t h e  
d c p p l e r  b i a s  f o r  O c t o b e r  h a d  a  c h a n g e  f o r  only 
0 . 1  Hz cluririg t h e  r e m a i n d e r  of t h e  t r a c k  p e r i o d ,  
a n  ind ica t ion  t h a t  t h e  s t a t i o n  p e r f o r m e d  n o m i n a l l y  
and t h a t  the new o r b i t  condi t ions  w e r e  s a t i s f a c t o r y  
f o r  p r e d i c t i o n  p u r p o s e s .  The  d o p p l e r  b i a s  r a n g e d  
a p p r o r i m a k l y  f r o m  0 . 3 2  t o  0 .36  Hz dur ing  Novem- 
b e r ,  ancl l r o m  0 . 0 0  t o  0.36 Hz dur ing  D e c e m b e r .  
F i g u r e s  34-36 p lo t  t h e  1 - m i n  two-way dopple r  
no ise  dur ing  J ~ x l y ,  August ,  and  S e p t e m b e r  of 1969. 
Dur ing  July (with t h e  excep t ion  of p a s s  1306),  a n d  
A ~ i g u s t  h e  n o i s e  w a s  w e l l  below nomina l .  How- 
e v e r ,  driring S e p t e m b e r  DSS 14 e x p e r i e n c e d  dop- 
p l e r  no ise  above  the  n o m i n a l  v a l u e  dur ing  15 
p a s s e s  and  below the  n o m i n a l  v a l u e  dur ing  s e v e n  
p a s s e s .  So la r  a c t i v i t y  w a s  known t o  have c a u s e d  
high no ise  f o r  t h r e e  p a s s e s .  T r a n s m i t t e r  feed-  
back into the  r e c e i v e r  w a s  s e e n  a s  a  p o s s i b l e  
c a u s e  on s o m e  p a s s e s .  The  below n o m i n a l  n o i s e  
on  p a s s  1300 i n  J u l y  w a s  a  r e s u l t  of high r e c e i v e r  
g1itc hing. 
F i g u r e s  37-39  plot  t h e  1 - m i n  two-way dopple r  
n o i s e  i_uring O c t o b e r ,  N o v e m b e r ,  and  D e c e m b e r .  
During O c t o b e r ,  t h e  dopple r  n o i s e  w a s  nomina l  o r  
below n o m i n a l  f o r  a l l  p a s s e s  e x c e p t  p a s s e s  1392 
ancl 1394 ,  w h e r e  high n o i s e  w a s  a p p a r e n t l y  c a u s e d  
by a t r a n s m i t t e r - r e c e i v e r  p r o b l e m .  A n a l y s e s  
u s i n g  the r e s i d u a l  p r o g r a m  w e r e  m a d e  on only 
f o u r  p a s s e s  ciurilig N o v e m b e r ,  a n d  n o  t r a c k i n g  
p r o b l e m s  w e r e  r e l a t e d  t o  d o p p l e r  n o i s e .  Higher  
d o p p l e r  n o i s e  d u r i n g  D e c e m b e r  w a s  a p p a r e n t l y  
c a u s e d  b y  DSS 14 a l t e r n a t i n g  t r a c k  be tween  
P i o n e e r s  'JI and VII f o r  t h e  s u n  r a d i a l / s p i r a l  ex-  
perime-ilt .  Only a  s m a l l  p o r t i o n  of t h e  p a s s e s  w e r e  
t r a c k e d  i n  t h e  two-way m o d e ,  and  i n  m a n y  in-  
s tar .ces  not enough two-way d a t a  w a s  ava i lab le  to  
m a k e  a n  a c c u r a t e  a n a l y s i s .  
P r c n e e r  VI p e r f o r m a n c e  a n o m a l i e s  a r e  r e -  
nc,; t e a  s r > n  a r a l y z e d  i n  S e c t ~ o n  IV-D- 9. T h e  
Pnoise (dBmW) r e p r e s e n t s  n o i s e  p o w e r  a t  r e c e i v e r  
t h r e s h o l d  and i s  u s e d  t o  c o m p u t e  t h e  s igna l - to -  
n o i s e  r a t i o  and  t h e  d B  above  r e c e i v e r  t r a c k i n g  
t h r e s h o l d .  T h e  r e c e i v e r  c a n  m a i n t a i n  a  n a r r o w  
n o i s e  bandwidth,  wi th  v a l u e s  rang ing  f r o m  3 t o  
152 H z ,  c e n t e r e d  on t h e  r e c e i v e d  c a r r i e r  
f r e q u e n c y .  
The  r e c e i v e r  VCO p h a s e  lock loop  t r a c k s  t h e  
incoming  s i g n a l  a s  sh i f ted  by  t h e  p r e s e n c e  of dop-  
p l e r .  The  d o p p l e r  e x t r a c t o r  cont inuously p r o v i d e s  
(on a  1 - m H z  b i a s )  t h e  two-way d o p p l e r  f r e q u e n c y  
a s  p r e s e n t  on t h e  r e c e i v e d  c a r r i e r  f r e q u e n c y .  The 
dopple r  sh i f t  i s  a c c u m u l a t e d  by  a  f r e q u e n c y  
c o u n t e r .  T h e  n o i s e  i n  t h e  counted dopple r  i s  t h u s  
c o r r e l a t e d  t o  t h e  a m o u n t  of p h a s e  j i t t e r  a p p e a r i n g  
on  t h e  d e t e c t e d  c a r r i e r  f r e q u e n c y .  
T h e  n o i s e  p o w e r  a t  r e c e i v e r  t h r e s h o l d  i s  
c o m p u t e d  a s  
w h e r e  
P . = n o i s e  p o w e r  a t  r e c e i v e r  t h r e s h o l d ,  
n o i s e  dBmW 
K = B o l t z m a n ' s  cons tan t  
= 1.  38 X W-s/deg  
Ts = ef fec t ive  s y s t e m  n o i s e  t e m p e r a t u r e ,  
" K 
BW = R e c e i v e r  n o i s e  bandwidth,  Hz 
Any d i f f e r e n c e  be tween  c a l c u l a t e d  Pnoise and 
t h e  r e c e i v e r  t h r e s h o l d  m e a s u r e d  a t  t h e  s t a t l o n  is 
due  t o  t h e  t o l e r a n c e s  of t h e  m e a s u r i n g  e q u i p m e n t ,  
which  h a v e  b e e n  g iven  a s  *3 dB.  
An e x a m p l e  of t h e  a c t u a l  n o i s e  p o w e r  and SNR 
p e r  v a l u e s  r e c o r d e d  f o r  p a s s  1294 is a s  follows: 
Pnoise = 1 0  log 
The  s i g n a l - t o - n o i s e  r a t i o  (dB m a r g i n  above  r e -  
c e i v e r  t h r e s h o l d )  i s  
w h e r e  
PC = r e c e i v e d  s i g n a l  l e v e l ,  dBmW 
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s t o r e .  Only during pass  1375 was  :here s ~ f f l c l e n t  
da ta  to record  a P E R  a t  8 b i t s / s .  
SNR = -166.3  - ( -173.53)  dBmW 
SNR = t 7 . 2 3  dB (NAT log i s  +8.7  dB)  
F igu res  40 and 41 plot the signal-to-noise 
ra t io  (dB marg in  above r ece ive r  t racking th re sh -  
old) of P ionee r  VI for  August and September ,  
respectively.  During August, the  SNR on passes  
1340 and 1350 was  higher than on any o ther  p a s s e s  
during the month.  The ra t io  on pass  1340 was  
approximately 3 dB higher  than a l l  o ther  p a s s e s  
except pas s  1350, which was  approximately 2 dB 
higher than the average  pass .  F o r  September ,  a 
compar ison of F igs .  39 and 41 shows some  c o r -  
re la t ion  between high noise and low signal-to-noise 
ra t io .  The SNR va r i ed  approximately 2 dB during 
September .  
F igu res  42-44 plot the signal-to-noise r a t io  
(dB marg in  above r ece ive r  tracking threshold)  of 
P ionee r  VI fo r  the l a s t  q u a r t e r  of 1969. During 
October,  the SNR for  a l l  p a s s e s  was  within the  
to lerance  of +2 dB of predicted value ,  indicating a 
nominal  performance .  The re  was  no apparent  
r eason  fo r  the SNR f o r  pas ses  1403 through 1416 
being be t t e r  than for  pas ses  1386 through 1402. 
During November,  the SNR was  degraded because  
of t h e  sun r ad ia l / sp i r a l  exper iment .  DSS 14 
was  t racking P ionee r  VI and VII simultaneously;  
a l so ,  the stat ion was using a nonstandard configu- 
ra t ion .  The SNR for  a l l  p a s s e s  (except p a s s e s  
1461 and 1464) du r ing  December  was above the 
predicted value.  On passes  1461, 1464, and 1468, 
a specia l  loop s t r e s s  deviation (LSD) t e s t  was con- 
ducted a t  DSS 14. The validity of the t racking data  
received during the t e s t  was questionable.  
4.  R F  Pe r fo rmance .  F igu res  45 and 46 i l lus t ra te  
the  average  received downlink s ignal  s t rength  dur-  
ing July and August of 1969. The s ignal  level  was  
within 2 dB of the predict ion during July,  except 
for  pas s  1299 which was approximately 2 dB be t t e r  
than predic ted .  P a s s  1299 was a n  unscheduled 
pass  for  stat ion checkout. The antenna was  
peaked,  which m a y  explain the high signal  level  
rece ived.  F o r  August, the s ignal  level  was  within 
0 . 5  dB of predic t ions .  C i r cu la r  polarization was  
used to  rece ive  the spacec ra f t  s ignals .  
5. Te leme t ry  Pe r fo rmance .  The quality of r ea l -  
t i m e  t e l eme t ry  i s  indicated by the par i ty  e r r o r  
r a t e  ( P E R )  printout  on the  engineering t e l eme t ry  
da ta  printout .  A PER of 0. 116 i s  equivalent to  one 
e r r o r  in 1000 consecutive bits of information and 
i s  regarded a s  the  l imit ing value for  the uncoded 
and convolution coded unit (CCU) modes  of opera-  
t ion .  The P E R ,  with the applicable bit r a t e  modes ,  
fo r  P ionee r  VI during September  i s  presented  in 
Fig .  47. 
The par i ty  e r r o r  r a t e  of 16 b i t s / s  exceeded 
the threshold f o r  good t e l eme t ry  fo r  a l l  p a s s e s .  
The stat ion switched to  8 b i t s / s  a t  t he  end of m o s t  
pas ses  and placed the spacecraf t  in duty cycle  
The pa r i ty  e r r o r  r a t e s  with the appiica.ble 
bit r a t e  modes  fo r  P ionee r  VI duriiig October,  
November,  and December  a r e  presented  in 
F igs .  48-50. 
During October ,  the  PER exceeded %he 
threshold  for  good t e l eme t ry  for  mose pai .ses.  
The higher bit r a t e  (16 b i t s / s )  was requested by 
ARC so  that  m o r e  data could be obtairien. A bit 
r a t e  of 8 b i t s / s  would have given a P E R  of 0. 000, 
but a much s m a l l e r  amount of da ta  wou.id have 
been rece ived.  During November,  the ra.te was 
below the threshold  fo r  good t e l eme t ry  during a l i  
p a s s e s .  However,  during December ,  the P E R  
exceeded the nominal  value for  good t e l eme t ry  
during m o s t  p a s s e s  . No reasons  w e r e  found for 
t he  h igher  e r r o r  r a t e  on p a s s e s  1451 and l470, 
although the  h igher  P E R  on passes  l461,  1464, 
and 1468 was  believed a r e su l t  of the 1,SIl) t e s t  
previously noted. The data  obtained was  
questionable.  
6. Predicted Frequency P e r f o r m a ~ l c e  F ~ g u r e s  
51-53 show plots of the P ionee r  VI m e a s ~ r e d  
auxil iary oscillator frequency fo r  Ju ly  August, 
and September  1969 f o r  predict107 e~a luaeLo i i  
pu rposes .  The f igures  show that  a l l  lrcqueiicy 
observat ions  a t  S-band level  a r e  w1th1.i 2 50 Hz of 
the predict ions fo r  Ju ly ,  300 Hz f3- r  A u g ~ s t  aqd 
200 Hz fo r  September .  
F igu res  54- 56 i l l u s t r a t e  the predic ted  and 
ac tual  cu rves  for  the  auxi l ia ry  osc i l la tor  during 
October ,  November,  and December  1969. 'The 
ac tual  da ta  followed the predic ted  curve  within 
150 Hz a t  S-band level  during October,  L O  I i z  dur-  
ing November ,  and 50 Hz during December .  
F igu res  57-59 show the best- lock frequency 
measu remen t s  (channel  6 only) talcen duriiig Ju ly ,  
August, and September 1969. A l l  data points 
w e r e  within 50 Hz of predict ions lo r  J u l y  and 
within 30 Hz fo r  both August and Septeniber.  
F igu res  60-62 show the predicted 211d i i e h a l  
r ece ive r  1 frequency data  fo r  channel 6 2urlng 
October ,  November ,  and December  1969. Ail 
da ta  points w e r e  within 35 Hz of predrcLions duriiig 
October,  30 Hz during November,  ancl 2 5  IIz dl:?- 
ing December .  No t racking was perfor ined on 
channel  7 during the  q u a r t e r .  
7. P r e d i c t s .  P r e d i c t s  genera ted  Col- Piorleer VI 
during July  through December  of 1969 ,  a r e  p re -  
sented  in Table  5. A new predic t  s e t  was gener-  
ated.  The s e t  was  based on the updateci orbit  con- 
ditions fo r  the period October 9 through November 
1 ,  1969. The new se t  superseded se t  9311 (chan- 
n e l  6)  fo r  that  period.  
8 .  Commands .  A cumulative t0ta.l of 6679 corn- 
mands had been t ransmit ted  t o  P ionee r  VS by the 
end of June  1970. A total  of 653 commands  was  
t r ansmi t t ed  d u r i n g  th is  repor t ing  per iod .  
9. Anomalies and Te leme t ry  Data L o s s e s .  
Anomalies which occur red  during the reporring 
period a r e  l i s ted  h e r e  by pass  number .  A pas s  
number  i s  defined a s  the number  of t imes  s ince  
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laiinch that  the spacecraf t  has  been above the 
horizon of a pa r t i cu la r  stat ion.  
P a s s  1 2 9 0 .  At 1856, the DSS antenna went t o  
brake  mode because  of an emergency s top  (pedes- 
t a l )  ~ ~ i l ~ c a t l o n .  The emergency  s top  indication 
was c l ea ren  a t  1856:10, and the  antenna went back 
tc  poilit No r eason  was found f o r  the  anomaly.  
P a s s  1306. Seve ra l  r ece ive r  gl i tches w e r e  
experienced between 0009 and 0020; the s ignal  
level  a l so  va r i ed  by approximately 2 dBmW during 
this period.  
P a s s  1334. The DSS 14 antenna went to b rake  
mode hecsuse  the emergency  s top  button was acci-  
dc ctal ly p rc s sed .  
P a s s  13 53. The voltage- cont ro l  osc i l la tor  
-- 
counter gave er roneous  readings f r o m  1536 to  
1643 because  the r e fe rence  input switch was in the 
1ntcrna2 and not the ex te rna l  position. 
P a s s  1361. At 1917, a c o m m e r c i a l  power 
-- 
fa i lure  caused the lo s s  of a l l  compute r s ,  t r a n s -  
mi t t e r  431)-Xz power ,  and frequency and t iming 
subsystem 2.  At 1920, the s t a t ionwen t  o n g e n -  
e r a t o r  po-wer and did not l o se  the spacecraf t .  At 
2100, the t ime  code gene ra to r  jumped 23 s ahead 
cT zime. At 2229, printed c i r cu i t  141 jumped 
ahead i n  t ime .  This was  r e s e t  a t  the  end of t r ack .  
P a s s  1362. At 1824, the t r ansmi t t e r  went off; 
beam high voltage ac  ove rcu r ren t  in ter lock was 
indicated.  The t r ansmi t t e r  was  backed up to  20kW 
a t  1825. 
P a s s  1371. The re  was a high noise  caused by 
--
so la r  activi ty.  
P a s s  1374. The TCP was unable t o  mainta in  
-- 
stable lock f rom 1623 to 1710. The cause  was  not 
known. 
P a s s  1383. Because  of e r r a t i c  VCO tuning 
con t ro l ,  the r ece ive r  was  out of lock f r o m  1717 to 
1 7 2 4 .  
P a s s  :306. At 1824, the DSS 14 antenna went 
t o  hraiie because  the STOP PEDESTAL button was  
~nadve r t en t ly  hlt by a plumbing cont rac tor .  The 
aqlenna was back on point a t  1825. DSS 14 t r acked  
thys pass  with the predic ts  d r ive  t ape ;  no antenna 
offsets v e r e  put in and the  pseudo-res idual  was  
0 030 deg.  When the APS and no antenna offset 
v ie ie  useci, the pseudo-res idual  was  -0 .015 deg fo r  
angle and -0 .006 deg f o r  declination angle. 
h n  r e a s o r  was  established fo r  th is  difference.  
P a s s  1415. At 1550, the wa te r  hose in the 
cable wrapup b roke ;  no cooling wa te r  was avail-  
able to  cool the bearing oil on the antenna.  Af ter  
the !loso was r c l ~ a i r e d ,  the stat ion acquired  the  
spacecraf t  a t  1708352. At 1747:08, r ece ive r  1 
ciroppecl lock due to  the X4 mul t ip l ie r  fa i lure .  The 
stat ion was reconfigured fo r  r e c e i v e r  2 .  Receiver  
2 was Lac!< iil lock a t  1748:Ol. The X4 mul t ip l ie r  
was replaceti and the stat ion was reconfigured f o r  
r ece ive r  I. Receiver  lock occurred  a t  1811:50. 
At 1753, the 400-Hz moto r  gene ra to r  fai led and 
file t ransmitzer  power capabil i ty was l imi ted  to  
10 l<W. 
P a s s  1437. Between 1747:45 and 1749:45, the 
TCP was out of lock;  the r eason  was unknown. 
During th is  p a s s ,  a sun sp i r a l / r ad ia l  exper iment  
was  conducted and DSS 14 a l te rnated  t r ack  between 
P ionee r s  VI and VII. The stat ion t r acked  with the 
po la r i ze r  i n ,  but rotated 45 deg to  obtain the r ight-  
hand c i r c u l a r  polarization ( R C P ) .  
P a s s  1449. DSS 14 was  unable t o  acquire  two- 
way lock because  of an  ope ra to r ' s  e r r o r :  the po- 
l a r i z e r  was not offset 45 deg to  obtain the  RCP.  
P a s s  1479. The signal  level  a t  two-way ac-  
quisi t ion was  approximately 4 dBmW below p re -  
dict ion a t  DSS 14. The da ta  was degraded due to  
the  low s ignal  level ,  and the r ece ive r s  s t a r t ed  
glitching in  and out of lock a t  o r  about 0259. The 
stat ion turned the t r a n s m i t t e r  off and optimized 
the  po la r i ze r  a t  0301 with no improvements ;  a l s o ,  
m a s e r s  w e r e  switched with no improvement .  At 
03 12, the  r ece ive r s  l o s t  a l l  t r a c e s  of the downlink 
signal .  At 0315:11, the  r ece ive r s  w e r e  in lock in 
the  one-way mode.  The R T L T  was 23 min ,  39 s .  
No r easons  w e r e  found f o r  l o s s  of the uplink. 
Pointing angles and a l l  other f ac to r s  that  would 
have any effect on s ignal  conditions w e r e  checked; 
however ,  no deficiencies w e r e  observed.  During 
th is  p a s s ,  DSS 14 was switching back and for th  in 
t racking P ionee r s  VI and VII. 
P a s s  1483. DSS 14 t r acked  using the  3-Hz 
bandwidth, but the  r e c e i v e r  glitched in and out of 
lock in the two-way mode.  
P a s s  1497. DSS 14 turned off the t r a n s m i t t e r  
and took the antenna to  zenith to  optimize the  po- 
l a r i z e r ;  7 min  of da ta  w e r e  lo s t  between 2348 and 
2355. 
P a s s  1513. At DSS 12, an external  noise  
sou rce  (channel  6 t ransponder  radiat ing f r o m  the 
module shop a t  Goldstone) caused  abnorma l  s ignal  
levels  and t e l eme t ry  indications f r o m  1943 to  
1952. The DSS 12 r e c e i v e r  was  locked on th is  ex- 
t e r n a l  sou rce  fo r  approximately 9 min.  F r o m  
2049 to  2056:30, unexplained noises  a t  7 - s  in ter -  
va ls  o c c u r r e d ;  DSS 12 was  unable t o  loca te  the 
sou rce .  
P a s s  1537. At DSS 12, the  T C P  P r o g r a m  
5021-OP-A would not  accept  the da te  fo r  Day 1 ,  
r ega rd le s s  of the month.  An a t tempt  was  made  to  
substi tute the F e b r u a r y  29,  1970 date without suc-  
c e s s .  The co r rec t ive  action taken was  to e n t e r  da te  
March  2,  1970 into the  TCP.  No data  was  los t .  
P a s s  1538. DSS 12 was  unable t o  obtain a good 
AGC curve  during precal ibra t ions .  The s t ep  a t -  
tenuator  of the t e s t  t r a n s m i t t e r  appeared  to  b e  off 
by 10 dB. The spacecraf t  was  acquired  25 min  
l a t e ,  and the stat ion used the  AGC curve  f i t  f r o m  
the previous day. The t e s t  t r a n s m i t t e r  was  r e -  
placed with a s p a r e .  
P a s s  1544. At DSS 14, T C P  Alpha and Beta 
would not lock up between 1841:30 and 2106:52. A 
change of computer  buffers c l ea red  the problem.  
DSS 12 was  t racking in pa ra l l e l  with DSS 14 and no 
da ta  was  los t .  
P a s s  1553. DSS 12 received bad numbers  
f r o m  the APS when in  the  p lanetary  spacec ra f t  
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m o d e ,  which  c a u s e d  5 m i n  d e l a y  i n  acquis i t ion  of 
t h e  s p a c e c r a f t .  T h e  A P S  w a s  re loaded  and  r e -  
s u m e d  n o r m a l  funct ion.  
P a s s  1557. At 2330 of Day 80,  DSS 12 had  a  
sh i f t  i n  t h e  one-way  dopple r  b i a s  by a p p r o x i m a t e l y  
- 3 5  Hz. The one-way  dopple r  b i a s  changed  f r o m  
t 2 1 . 8  t o  - 14 .2  Hz.  The  b i a s  of - 14 Hz cont inued 
f o r  the  r e m a i n d e r  of the  p a s s .  T h e  b i a s  of - 1 4 . 2  
Hz w a s  t h e  c o r r e c t  b i a s  f o r  t h e  p a s s .  Approxi -  
m a t e l y  5 h of pos i t ive  b i a s  w a s  r e c o r d e d .  DSS 12 
c h e c k e d  t h e  logic  of t h e  d o p p l e r  c o u n t e r  f o r  pos-  
s i b l e  m a l f u n c t i o n s .  
P a s s  1569. At  DSS 14,  t h e  p a r i t y  e r r o r  r a t e  
went  bad when t h e  s t a t i o n  a c q u i r e d  t h e  s p a c e c r a f t  
i n  a  two-way m o d e .  T h e  s ta t ion  w a s  unable  t o  g e t  
T C P  lock a t  16 b i t s / s .  The  SNR and P E R  w e r e  
good un t i l  two-way acquis i t ion  w a s  m a d e .  The  
t r a c k i n g  d a t a  ind ica ted  27  r e c e i v e r  out-of- lock in -  
d i c a t i o n s .  No r e a s o n s  w e r e  found f o r  t h e s e  
a n o m a l i e s .  
P a s s  1582. At  DSS 1 2 ,  acquis i t ion  of the  
s p a c e c r a f t  w a s  14 m i n  l a t e  due t o  r e c e i v e r  1 AGC 
p r o b l e m s .  R e c e i v e r  1 AGC w a s  u n s t a b l e  b e c a u s e  
of a  d i s c r i m i n a t o r  mal func t ion .  T h e  s ta t ion  
swi tched  t o  r e c e i v e r  2 a s  p r i m e .  
P a s s  1586. DSS 12 had a  s t a t i o n  power  g l i t ch  
a t  2153:43, c a u s i n g  l o s s  of r e c e i v e r  lock and a l l  
c o m p u t e r  p r o g r a m s .  T h e  r e c e i v e r  w a s  back  in 
lock  and c o m p u t e r s  r e l o a d e d  a t  2202:lO. T e l e m -  
e t r y  d a t a  w a s  l o s t  f o r  a p p r o x i m a t e l y  9 m i n .  
P a s s  1601. DSS 12 w a s  unable  t o  m a i n t a i n  
D e m o d u l a t o r  lock  be tween  0000 and  0043. No 
a n o m a l y  o r  p e r s o n n e l  e r r o r s  w e r e  found t o  c a u s e  
t h e  p r o b l e m .  
P a s s  1603. At DSS 12,  t h e  s i g n a l  l eve l  f luc-  
tua ted  k 1 . 5  dBmW between  03 1 0  a n d  0400. A 
changing m a s e r  g a i n  w a s  s u s p e c t e d .  
P a s s  1616. DSS 12 w a s  unable  t o  m a i n t a i n  
r e c e i v e r  1 lock be tween  0000 and 0330. DSS 12 
swi tched  t o  r e c e i v e r  2 a s  p r i m e  f o r  t h i s  p a s s .  
P a s s  1621. DSS 12 w a s  unable  t o  lock u p  t h e  
T C P .  The  r e c e i v e r  s i g n a l  s t r e n g t h  w a s  a p p r o x i -  
m a t e l y  - 170 d B m W ,  and a l l  s t a t i o n  p a r a m e t e r s  
a p p e a r e d  to b e  i n  t o l e r a n c e .  To  check  t h e  T C P ,  
DSS 12 p e r f o r m e d  t h e  following f ive t e s t s  : 
(1 )  T C P  w a s  locked up  t o  t h e  DFG output .  
( 2 )  T C P  w a s  locked  up  t o  t h e  D F G  output  
when  fed t h r o u g h  t h e  D e m o d u l a t o r .  
(3)  T C P  w a s  locked  up t o  the  D F G  ou$put 
t h r o u g h  t h e  t r a n s p o n d e r .  
(4)  DSS 12 w a s  i n s t r u c t e d  t o  rwz:ch l o  
P i o n e e r  VIII t o  a t t e m p t  a c q u ~ s x t i o n  to f u r -  
t h e r  check  out t h e  s t a t i o n ;  t h i s  a t t e rnv t  
w a s  s u c c e s s f u l  when  t h e  T C P  :oclied UP. 
(5 )  DSS 12 swi tched  back  t o  P i o n e e r  i i?; once  
aga in  t h e  T C P  locked  up  t o  tile t r a n s -  
p o n d e r  wi th  D F G .  The  TC;P would not  
lock  u p  on t h e  P i o n e e r  VI d a t a .  
P a s s  1625. DSS 12 e x p e r i e n c e d  the  s a m e  
p r o b l e m  tha t  e x i s t e d  on p a s s  1621. A t e r  cons id-  
e r a b l e  t roubleshoot ing  and conf i rming  s t a t i o n  con-  
f i g u r a t i o n ,  t h e  DEMOD s w i t c h  (4 pos i t ion)  w a s  
swi tched  t o  RECEIVER I N P U T  pos i t ion ,  and t h e  
DFG b i t  s y n c  w a s  s h o r t e d  on t h e  D F G .  DSS 12 
w a s  a b l e  t o  a c q u i r e  T C P  with no fur t l i e r  p r o b l e i n s .  
P a s s  1633. At DSS 1 2 ,  t h e  an tenna  went  oCf 
point  a t  2034 and t h e  s ta t ion  l o s t  t h e  s p a c e c r a l t .  
Going t o  a i d e d  t r a c k  t o  r e a c q u i r e  tile s p a c e c r a f t ,  
t h e  s t a t i o n  p laced  t h e  a n t e n n a  a t  s l a v e  m o d e  a t  
2040.  The  TDH Datex  r e a d o u t  on h o u r - a r g l e ' s  
t e n s  digi t  w a s  i n t e r m i t t e n t  f r o m  2034:12 to 
2202:50. T h e  Datex  w a s  s u s p e c t e d  t o  be rhe c a u s e  
of the  p r o b l e m .  
P a s s  1638. DSS 12 D a t e x  r e a d o u t  f o r  r ieclina- 
t ion  w a s  u n s t a b l e  th roughout  t h e  t r a c k .  No r e a s o n  
w a s  found f o r  t h e  u n s t a b l e  r e a d o u t .  
P a s s  1651. T e l e m e t r y  SNR w a s  down i .  5 d r i  
f r o m  t h e  p r e d i c t e d  SNR a t  DSS 14.  Ko a p p a r e ~ ~ l  
c a u s e  w a s  found. 
P a s s  1653. The  VCO c o u n t e r  Called a t  35s 1 2 .  
T h e  counting w a s  e r r a t i c  f r o m  2359 to Ol55:LO. 
T h e  VCO c o u n t e r  w a s  r e p l a c e d  w r t l ~  a  s ta t ion  
s p a r e .  DSS 12 f lagged t h e  bad dopplc r  d a t a  f r o r r  
0138 t o  0155:lO. 
P a s s  1653. The  20-kW t r a n s m i t t e r  I~icliecl 
off owing t o  the  high-vol tage r e c t i f i e r  - air 
i n t e r l o c k  t r ipp ing  off a t  DSS 14.  The i i ~ t e r l o c l i  
w a s  r e s e t  and t r a c k i n g  cont inued n o r m a l l y ,  h l 3 -  
p r o x i m a t e l y  10 m i n  of two-way d a t a  w a s  1-osi. 
10.  S u m m a r y  of Opera t ions  by P a s s  Uurwoers 
Table  6 p r e s e n t s  t h e  P i o n e e r  VI  o p e r a t L o r s  f o r  
e a c h  p a s s  f o r  t h e  r e p o r t i n g  p e r l o d ,  p a s s c s  
1294- 1658.  
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VI. PIONEER VII FLIGHT SUPPORT SUMMARY 
A, Snacccrafi  Posit ion 
The Pioneer VII spacecraft  was being t racked 
by the DSN a t  252, 804, 000 km f r o m  the ea r th  and 
163, 83'7, OOC' icm f rom the sun when this r epor t  
period began (July 1, 1969). At the close of the 
repor t  pericd (June 30, 1970) the spacecraft  was 
being supported by the DSN at  297, 180, 000 km 
froin the zar th  and 167, 560, 000 krn f rom the sun. 
B, Support Performance 
The DSN successfully supported tracking and 
clata acqrlisition for Pioneer  VII during the repor t -  
ing pcriocl. The performance of this support was 
alnlosi. entirely accomplished by the 64-m 
antenna facil i t ies because Pioneer  VII was beyond 
the l i i r~i ts  o l  the 26-m antennas '  tracking capa- 
bil iti es .  FIowever, after  engineering modifications, 
DSS 12 a lso  fulfilled the support function with i t s  
2 6 - n l  antenna while the 64-m antenna a t  DSS 14 
was unciergoing nnodification for improved support 
of spacecraft .  
C .  Spacecraft  Status 
The status of the Pioneer VII spacecraf t  nea r  
the close of tho reporting period can be summed up 
as  discussed in the following sections. A sum- 
m a r y  ol  degraded or inoperative i tems by the end 
of the fir s t  quar ter  of 1970 follows: 
Comrriurications 
Decoder 4 
Data handling 
Science 
Solar a r r a y  
bat tery  
Sensors  A, C, 
B, and D 
Sensor E 
Radio propagation 
(Stanford) magne- 
tometer  (GSFC) 
I. Cornmu~icat ions .  TWT 1 developed anoma- 
lo~cc characteristics shortly af ter  launch and 
T W T  2 was selected for normal  operation. 
a r r a y  would no longer support this high-power 
mode a t  any t ime. The battery was turned off a s  
planned. 
3. Orientation. Type I (A and C) and Type I1 
(B  and D) sensors  had undergone a UV degrada- 
tion to the point that they were  considered unusable. 
The N2 bottle p r e s s u r e  had dropped to  40 psi. The 
UV degradation had a lso  ra ised the illumination 
t r igger ing threshold of the sun pulse reference 
sensor  E. No sun pulse had appeared since it 
ceased to  operate e a r l y  in 1969. 
4. Science. The ear th-spacecraf t  distance was 
beyond the range of the radio propagation ground 
antenna. The on-board instrument was turned off. 
As a r e su l t  of the sun pulse reference,  the on- 
board science payload was affected a s  follows: 
(1) GSFC magnetometer.  No data r e t r i eva l ;  
the sun pulse was used to  t r igger  data 
read and shift to spacecraft .  
(2) SCAS cosmic ray.  Only slightly affected. 
(3) University of Chicago cosmic  ray.  Satis- 
factory; no anisotropy measurements .  
(4) MIT plasma. Approximately 2070 
reduction. 
( 5 )  ARC plasma. Approximately 20% 
reduction. 
With changes to  computer reduction p rograms ,  
the percent of data r e t r i eva l  had been increased. 
The limitation of low-power mode had limited the 
MIT plasma ins t rument  to measurements  of solar  
wind velocit ies to 700 k m / s  and below. 
D. Engineering and Operations 
1. Tracking. All tracking support was provided 
by the 64-m antenna a t  DSS 14 until pass  1269 in 
February  of 1970, when DSS 12, with an SPU feed 
cone installed a t  the 26-m antenna, supported a l l  
13 passes  that  month. The spacecraf t  was sup- 
ported a total  of 8 11 h and 36min f r o m  July 1 ,  1969, 
to July  1, 1970 (pass  1050 through pass  1413). 
For  m a t e r i a l  relating to facility improvements 
and t e s t s  see  Section 111-C. 
2. Metr ic  Data Comment. The Pioneer VII Coherent operation a t  16 b i t s / s  on the 64-m 
spacecraf t  was successfully t racked by DSS 14 
antenna and 8 b i t s / s  on the 26-m antenna with the during July, August, and September of 1969. The S P U  cone at DSS 12 was standard.  Operation was 
spacecraft was tracked in the one-way mode and 
one-way (clomlink only) because of the increased the two-way coherent mode during passes  1050 
systera noise temperature  and consequent e r r o r  through 1141. The average received signal 
r a t e  increase  result ing f rom installation of the 
s t rength  for  the period was approximately dipiexer. Decoder S/N 004 (address  4) indicated 161.6 dBmW (161. dBmW for July, 161.6 rlBmW 
anonlalous character is t ics  when i t  failed t o  accept for  August, and 161. 2 dBmW for  September).  
s eve ra l  gvou:ld commands. 
2. P~LVCI- .  The solar  a r r a y  was degraded The Pioneer  VII spacecraft  was successfully 
because oC solar  par t ic le  damage. The MIT t racked by DSS 14 on 58 passes  (1142-1231) for a 
plas-ma iil~tr7~1rnent power levels had been res t r i c t ed  total  of 258 h and 40 m i n  during the final quar ter  
ch ro~~ghov~t  apheli.on passage to  reduce demand on of 1969. The bit r a t e  was 16 b i t s / s ;  the average 
the power subsystems. The re tu rn  to MIT high- received signal strengths were  - 162. 0 dBmW, 
power mode on May 7, 1969, after exit of the October;  - 162.2 dBmW, November;  and - 162. 0 
aphelion period, gave indications that  the solar  dBmW, December.  
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During October, the Pioneer VII spacecraft  
was tracked a total  of 97 h and 45 min  over 21 
passes  (1142-1172); during November, 91 h and 
6 min over 19 passes  (1  173- 1202); and during 
December,  69 h and 49 m i n  over 18 passes  
(1203- 123 1). 
The Pioneer VII spacecraft  was tracked sa t is -  
factori ly by DSS 14 and DSS 12 on 46 passes  
(1234- 1323) for a total  of 2 16 h and 45 min  during 
the f i r s t  quar ter  of 1970. The bit r a t e  was 
16 b i t s l s  for DSS 14 and 8 b i t s / s  for DSS 12. The 
average received signal strengths were  -168. 8 
dBmW, January;  - 171. 0 dBmW, February ;  and 
- 164. 0 dBmW, March. 
The Pioneer VII spacecraft  was tracked a 
total  of 69 h and 7 min  over 18 passes  in January,  
42 h and 56 min  over 12 passes  in February,  and 
102 h and 12 m i n  over 16 passes  in March. 
During Apri l  1970, 7 Pioneer VII passes  
(1325-1353) were supported by DSS 14 only. Dur- 
ing May 1970, 6 Pioneer VII passes  (1365-1383) 
were  supported by DSS 14 only. During June 1970, 
11 Pioneer VII passes  (1385-1413) were  supported 
by DSS 14 only. 
3. Doppler Information. Figures  6 3 - 6 5 a r e  plots 
of the doppler bias for  Pioneer VII during July, 
August, and September of 1969. As i l lus t ra ted,  
the average doppler bias was t l .  0 Hz in  July, 
t o .  5 Hz in  August, and -0. 86 Hz in  September. 
P a s s  1137 was t racked on channel 6; the average 
doppler bias was -1. 3 Hz. 
Figures  66 and 67 a r e  plots of the doppler 
bias for Pioneer VII during October and December. 
No plot was made of the doppler bias for  November. 
However, analyses were  made for  passes  1173 and 
1174. The doppler bias for  pass  1173 was -0.74 
Hz and for pass  1174 i t  was -0. 73 Hz, indicating 
that  the state vector was good for prediction pur-  
poses.  
During October, the average doppler bias 
was -0.90 Hz and constant. During December,  
the doppler bias ranged f rom approximately -0.43 
to  0. 09 Hz. No problems were re la ted to the 
doppler bias. 
Figures  68-70 a r e  plots of the 1-min two-way 
doppler noise during the period July  through Sep- 
t ember  1969. During July  and August, the noise 
was well below nominal for a l l  passes .  P a s s  1120, 
in September,  had a high doppler noise of 0. 018 
Hz, but no anomaly was repor ted that could have 
caused the high noise. 
Figures  71 and 72 plot the 1-min two-way 
doppler noise during October and December 1969. 
During November, the only pass  analysis made 
was for  pass  1174. A nominal doppler noise of 
0. 009 Hz was recoraed.  During October, the 
average doppler noise was well below nominal 
for a l l  passes .  Average doppler noise was dif- 
ficult to es t imate  in December because of the 
shor t  two-way tracking period. The sun rad ia l /  
sp i ra l  experiment t e s t  was in p rogress  through- 
out December (see  Section IV). 
Figures  73 and 74 a r e  plots of the srgnal-to- 
noise ra t ios  for Pioneer VII in August 2nd Sep- 
tember  of 1969. During August, a l l  SNR rrrea- 
surements  were  within 3 to 4 dB of each other at 
an  average of 13. 5 dB above thresholcl. During 
September the actual  SNR points were higher than 
the predicted curve except for pass  I l l i ,  which 
was one-way on channel 6, and pass  l which 
was a lso  t racked on channel 6. The range duriiig 
September decreased f rom 252, 113, 950 kii? to 
249,492,460 km. 
Figures  75-77 i l lus t ra te  the actual  signal-to- 
noise ra t io  in dB above receiver  tracking thresh- 
old. All signal-to-noise ra t ios  were  within k2 riB 
of the theoretical  curve except the imeasuremenis 
on pass  1152, which was 4 dB better than the 
theoretical  value, and on pass  1200. 'The la t ter  
variation was attributed to the sun radial  / sp i ra l  
exper iment ;  DSS 14 was tracking Pioneers  VI a~iil  
VII simultaneously. No problems were i:r:coun- 
t e red  during the quar t e r  because of the signal-to- 
noise ratio. 
4. R F  Performance.  Flgure  78 ~ l l u s t r a ~ e s  the 
average recelved downllnk slgnal strength vs  
pass  number durlng July  1969. Tne s igl;al level 
was wlthin 2. 5 dB of prediction for all passes .  
5. Te lemet ry  Analysis. The quality of r ea l -  
t ime t e l emet ry  i s  indicated by the parity e r r o r  
r a t e  printout on the engineering te lemetry  data 
printout. (A PER of 0. 116 i s  equivalent: to one 
e r r o r  in 1000 consecutive bits of information a.nd 
i s  regarded a s  the limiting value for the uiicodetl 
and convolution-coded unit modes  of operation.) 
The September PER for  Pioneer VII, with rbe 
applicable bit r a t e  modes,  i s  presented in Fig. 79. 
The par i ty  e r r o r  r a t e  a t  16 b i t s / s  was well 
below the threshold for good te lemetry .  P a s s  
1137, which had a poor parity,  was trackecl on 
channel 6. The low signal-to-noise ra t io  tends to 
account for bad PER only on channel 6. 
The par i ty  e r r o r  r a t e s ,  with tbe applicable 
bit r a t e  modes,  for Pioneer VII during Cctober,  
November, and December 1969 a r e  presented in 
Figs.  80-82. The par i ty  e r r o r  r a t e  was well 
below the threshold for good te lexie t ry  except fox 
passes  1150, 1157, and 1200. P a s s  115'7 was at 
threshold; no cause was determined. The higher 
par i ty  e r r o r  r a t e  for pass  1200 was apparently 
due to the sun rad ia l l sp i ra l  experilllent. 
6. Predic ted Frequency Performance.  Plots of 
the measured  auxil iary oscil lator frequeucy a r e  
shown i n  Figs.  83-85 for the purpose of evaluatiilg 
predictions.  Frequency observat io~is  lie within 
300 Hz a t  S-band level of the predictions lo r  July 
and August, and within 250 Hz of predictions for 
September 1969. 
During the period October - December 1969, 
no problems a r o s e  re la ted to  the auxil.iary oscil-  
la tor  frequency. During October, the actual  data 
followed the predicted curve within 100 I-iz a t  
S-band level. During November and Decelmber, 
the actual  data followed the predicted curve within 
50 Hz a t  S-band level. Plots  of the aneasured aux- 
i l i a ry  oscil lator frequency a r e  show? iii F igs .  86-88  
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Figures  89-91 i l lus t ra te  the best-lock frequency 
rrieasurzments taken during July, August, and 
September of 1969. All  da ta  points l ie within 20 Hz 
of predictions in July, within 2 to  13 Hz f o r  August, 
and within 13 EIz for  September.  All  da ta  point 
a c q ~ ~ i s i l i o n s  in July  were  made  on channel 7; nine 
were  or1 channel 7 in August; and a l l  but one were  
made  oa chanrlcl 7 in September.  The data  acqui- 
sirion made on channel 6 and on channel 7 in Sep- 
ter;lber was within 17 Hz of the predicted. 
Ko tracking problems w e r e  r e l a t ed  to  the  
best-lock frequency during October-December 
1969; al l  t racking of Pioneer  VII spacecraf t  was 
on channel 7. During October (Fig. 92), the 
ircquency data spread was approximately 5 to  
1 2  Hz f rom the predicted curve ,  within 13 Hz in 
N3vember (Fig. 93), and approximately 5 Hz in 
December  (Fig .  94). 
7. 12redlcis. Table  7 p resen t s  the Pioneer  VII 
uredic t s.arnmarv. 
3.  C o i ~ ~ m a n d s .  A cumulative total  of 9830 com- 
~ n a n d s  had been t ransmit ted  to  Pioneer  VII by 
the end o f  this  reporting period (June 1970). A 
total  of 757 conlmands were  t ransmit ted  during 
the reporting period (36 in July  1969, 55 in 
August, 150 in September,  110 in October,  25 in 
November, and 73 in December ;  92 in January  
1970, 10 in Februa ry ,  89 in March,  31 in April ,  
31 in May, and 54 in June).  
higher noise level  because of the  lower signal-to- 
noise  r a t io  (10. 9 dB). No anomaly was repor ted  
to indicate possible causes .  
P a s s  1142. At 2214:53, the t r ansmi t t e r  went 
off; the  heat  exchanger t empera tu re  rose ,  causing 
the high-voltage rec t i f ier  to fail. The t r ansmi t -  
t e r  was back on a t  2215:50. 
P a s s  1146. At 2235, jumps in the exci ter  
VCO frequency were  noted while tuning back to 
t r a c k  synchronous frequency. At 0002, the 
antenna went to  b rake  mode because of low fi lm 
height on pad 3. The t r ansmi t t e r  was turned off 
a t  0006 and back on a t  0013. 
P a s s  1170. At 0050, the t r ansmi t t e r  should 
have been a t  8920 Hz, but was a t  an  acquisition 
frequency of 8892 Hz. The acquisition frequency 
was wrong because of an  o p e r a t o r ' s  e r r o r .  It 
was  changed to 8920 Hz a t  9954:38. 
P a s s e s  1173 - 1202. The r ece ive r  was in- 
and out-of-lock f rom 0123:45 to  0131:50 a s  the 
SNT fluctuated above 45°K (pass  1183). No 
accura te  e s t ima te  of the noise could be made.  
DSS 14 switched back and forth between Pioneer  
VI and VII during the  sp i r a l I r ad ia l  experiment 
tes t .  
P a s s  12 19. The fifth digit of the doppler 
counter was giving only even numbers ,  in ter -  
mittentlv. DSS 14 used r ece ive r  2 a s  or ime.  
9. Anornalles and Te lemet ry  Data Losses .  
Anonla1 e s  which occur red  during the reporting P a s s  1269. DSS 12 had hlgh doppler n o ~ s e  
perloc, a r e  ,isLed h e r e  by pass  number.  (All cover-  throughout the two-way portion of t rack.  The 
. - 
age was by DSS 14 unless  otherwise noted. ) A meas;red SNR was 9. 3 d ~ ,  and the nominal dop- 
pass  nuimber i s  defined a s  the number  of t i m e s  p ler  noise for  th is  SNR i s  0. 013 Hz. The ave rage  
sincc ia.unc?l that  the spacecraf t  has  been above doppler noise for  the pass  was 0. 017 Hz. No 
the horizon of a par t icular  station. r easons  were  found for the  high noise. 
P a s s  1050. At 2112, the DSS 14 antenna went 
to the brake mode because of low fi lm height on 
pacl 2, The low fi lm height problem was c leared 
il13 al; 2 135 and the antenna was back on point a t  
2 136. 
P a s s  1094. At 1845, the T C P  lost  wow and 
--
11-xtter sync;  in addition, a l a rge  noise spike was 
zecorcled by the sys t em tempera tu re  r ecorde r .  
At 2142, the t r ansmi t t e r  went off because the 
high-voltagc rec t i f ier  interlock faulted. 
P a s s  1271. At 2006:20, DSS 12 had seve re  
r ece ive r  glitching, and the sys t em tempera tu re  
increased to  60°K. The t r ansmi t t e r  was turned 
off and the sys t em tempera tu re  re turned to 20°K 
with the r ece ive r  in solid one-way lock. The con- 
f iguration was changed to a l isten-only mode. 
The station changed to the diplexer mode a t  
2 115:30 and turned the t r ansmi t t e r  on to 10 kW a t  
2 120. No changes in sys t em tempera tu re  
occurred.  The r ece ive r  acquired two-way lock 
a t  2155:08 and the  sys t em tempera tu re  increased 
t o  21. 5°K. 
!'ass 1106. On a quick turnaround f rom 
Pioneer  VI to Pioneer  VII, the station failed to 
change tke pola.rizer f r o m  right-hand c i r cu la r  to P a s s  128 1. At DSS 12, the tracking data  
l i i ~ e a r  poiarization and t racked 50 min  using c i r -  handler (TDH) exci ter  VCO printout was er roneous  f r o m  2020 to  2040. The TDH exci ter  VCO counter 
cular  polarization. 
was  not receiving r e s e t  pulses  f r o m  the PC-141 
p rogrammer .  A loose cable was  the cause  of the P a s s  11 14. The P C -  141 clock jumped $100 ps problem. --
causing a large  blunder point in the doppler data. 
fT 
~ i l e  data point was ignored; the appropr ia te  con- 
t r o l  carcl was ~ n s e r t e d  into the tracking data  
p rocesso r .  The clock was not r e se t .  
P a s s  1135. The stat ion had 12 receiver  d rop  
locks aiici 13 blunder points. No anomaly was 
re::orizd to indicate possible causes  of this  
p rob ie :~> .  
P a s s  11 37 .  The stat ion had 22 receiver  drop 
ioclcs arlcl three  blunder points. This pass  was  
traciied on  channel 6 and accounts fo r  a slightly 
P a s s  1293. At DSS 12, the T C P  p rogram 
5021-OP-A would not accept  date for  the f i r s t  of 
the  month, r ega rd les s  of the month. The pro-  
g r a m  would not accept Februa ry  29, 1970 (used f o r  
March 1, 1970). The correc t ive  action taken was 
to  enter  March 2, 1970. The par i ty  e r r o r  r a t e  
fo r  the  ent i re  pass  was considered bad. Heavy 
ra infa l l  caused an  inc rease  in sys t em noise t e m -  
pe ra tu re  f r o m  approximately 27 to  35°K and 
thereby lowered the  SNR. The lower SNR 
caused the bad par i ty  e r r o r  r a t e .  
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P a s s  1301. At 0129, DSS 14 had a t r ansmi t t e r  
failure. The focus cu r ren t  was se t  too close to 
the undercurrent  t r ip  level. The focus under- 
cu r ren t  was r e s e t  and the t r ansmi t t e r  was turned 
back on a t  0131. Good two-way doppler data was 
los t  for approximately 19 min,  and t e l emet ry  
data was lost  for approximately 4 m i n  and 28 s. 
P a s s  1317. At 2352, a r ece ive r  operator a t  
DSS 14 erroneously  punched in a frequency on the 
synthesizer,  causing loss  of two-way lock a t  2352. 
Two-way lock was reacquired a t  0051:37. Only 
two-way doppler data was lost. 
P a s s  1319. At 234235, DSS 14 had excess ive  
high noise. The t r ansmi t t e r  power was reduced 
f rom 20 to 10 kW a s  an attempt to  reduce the noise. 
The noise was intermittently high throughout the 
pass .  The average noise for  the pass  was 0. 0015 
Hz a s  compared to  0. 010 Hz, the predicted nom- 
inal. No data was lost. 
P a s s  1329. At 2117, the sys tem temperature  
a t  DSS 14 s tar ted  r is ing and continued to  a peak 
of 150°K. The rece ive r  was glitching in and out 
of lock. The t r ansmi t t e r  power was lowered to  
10 kW at  2130:lO and to 5 kW a t  2142. Te lemet ry  
data was lost  f rom 2128:12 to  2133:20 and f rom 
2140:32 to  2150:02. The cause of the high t em-  
pe ra tu re  i s  unknown. At 22 12:20, the T C P  s tar ted  
having spurious interrupts.  The p rogram was 
res tar ted  a t  2214 and reloaded a t  2233:50. Telem- 
e t ry  data was lost f rom 2212:20 to 2221:40 and 
f rom 2233:50 to  2240:13. The T C P  program fail- 
u r e  was a continuing problem. Approximately 
29 min of te lemetry  data was lost .  
P a s s  1333. DSS 14 had a r eoccur rence  of the 
T C P  problem. Te lemet ry  data was lost  f rom 
2112:30 to 2123:35 and f rom 2131:lO to  2201:58. 
At 0103, a spurious interrupt occurred on the 
T C P  "A" computer. DSS 14 was unable to r e s t a r t  
the p rogram and finally had to switch to T C P  'IB. " 
The station was unable to  p rocess  t e l emet ry  
f rom 0103 to  0133. 
P a s s  1343. At 0137:08, T C P  "A" a t  DSS 14 
had a spurious in terrupt .  DSS 14 could not lock 
up a f t e r  reloading the computer. The station 
switched to T C P  "B. I '  Te lemetry  data was lost 
f rom 0137:08 to 0147:06. 
P a s s  1351. At DSS 14, the 1-MHz tes t  srgna! 
was  left feeding the doppler counter d u r ~ n g  the 
ent i re  pass .  A total  of 2 h and 36 min 01 doppler 
data were  lost. Startlng a t  0141 12,  the clemodu- 
lator would not hold lock. The receiver  te lemetry  
na r row band phasing was off. The te lemetry  nar  - 
row band phase was readjusted a t  0222 54. The 
statlon los t  approximately 43 min of o71e way 
data. 
P a s s  1353. At 0007, large  antenna oscil-  
lations occurred in the azimuth axis a t  DSS 14, 
and the antenna went to  brake. DSS 14 went to 
precis ion mode 2 a t  0010. The receiver  lost  
lock for approximately 2 min. F r o m  0313 to 
0316, the same  problem occurred.  
P a s s  1377. Between 0000 and 0052, DSS 14 
was unable to acquire  the uplink oil Pioneer VII. 
T ransmi t t e r  switch S2 was left in the S M T  cone 
position instead of the SCU cone position. There -  
fore,  no t ransmit ted  power reached the space- 
craf t .  T ransmi t t e r  switch S2 was r e s e t  to the 
c o r r e c t  position and the acquisition was normal.  
P a s s  1383. At 2216:41 and 2217:55, the t r a n s -  
mi t ter  at DSS 14 went off because the high-voltage 
rect i f ier  tr ipped off. No data wa.s lost. F rom 
0323:50 to  0324, the antenna oscillated. The 
Master  Equatorial  ( a  calibration device) was 
unstable a t  low elevation. Therefore ,  3SS 14 put 
the antenna in the computer mode. 
P a s s  1391. Antenna went to  brake due to low 
oil f i lm height caused by d i r t  under pad I a t  
0229:20, causing T C P  out-of-lock from 0229:50 
to 0237: 15. Seven minutes of r ea l - t ime  telenletl-y 
was lost, and end-of-pass command to switch 
spacecraf t  t e l emet ry  f rom 16 to 8 b i t s / s  was 
canceled. 
10. Summary of Operations by P a s s  humber .  T a b i ~  
8 presents the Pioneer VII  operations for each pas.; 
for  the reporting period (passes  1050- 1413). 
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VII. PIONEER VIII FLIGHT S U P P O R T  SUMMARY 
A. S p a c e c r a f t  P o s i t i o n  
-- 
The  P i o n e e r  VIII s p a c e c r a f t  w a s  be ing  t r a c k e d  
b y  the L)SX a t  90., 05 m i l l i o n  k m  f r o m  t h e  e a r t h  and  
162. 85 million kim f r o m  t h e  s u n  when th i s  r e p o r t  
p e r i o d  began  (JULY 1 ,  1969).  At t h e  c l o s e  of t h e  
r e p o r t  pcr io i i  ( J u n e  30, 1970) t h e  s p a c e c r a f t  w a s  
l,>cing s u p p o r t e l  lby t h e  DSN a t  136. 74 m i l l i o n  k m  
f r o n i  ~kie c a r t h  and  162. 02 m i l l i o n  k m  f r o m  the  
s u n .  
-7 ii . S ~ ~ p p s r t  F e  r f o r m a n c e  
The  DSh s u c c e s s f u l l y  s u p p o r t e d  t r a c k i n g  and  
data acquis i t ion  f o r  P i o n e e r  VIII dur ing  t h e  r e p o r t -  
i r g  p e r i o d  The  p e r f o r m a n c e  of t h i s  s u p p o r t  w a s  
a ~ c o ~ p i i s h e r i  c q t i r e l y  by  t h e  2 6 - m - d i a m  an tenna  
f a c i l i t i e s .  T h i s  a l lowed the  6 4 - m -  d i a m  an tenna  
fac i l i ty  al: Goldstone,  C a l i f o r n i a  (DSS 14) ,  t o  be  
ava i iab ie  rrloze often f o r  s u p p o r t i n g  t h e  P i o n e e r s  
tha t  had gone beyond t h e  l i m i t s  of the  26-m-  d i a m  
a ~ n t - e n n ~ s '  Lraclilrg capabi l i t i es .  
Engineering and  Opera t ions  
1 .  T r a c k i n g .  T h e  P i o n e e r  VIII s p a c e c r a f t  w a s  
t ~ - a c k e c f 3 r  a t o t a l  of 6016 h a n d 4 3  m i n  f r o m  
J u l y  I ,  1969, to J u l y  1 ,  1970 ( p a s s e s  567 t h r o u g h  
931) .  -411 USN s ta t ions  s h a r e d  in t r a c k i n g  s u p p o r t  
o l  the mission. Addit ional ly,  t h e  MSFN wing a t  
Macirid s u p p o r t e d  p a s s  574, and  t h e  MSFN a t  
Goldstone s u p p o r t e d  p a s s  575 b e c a u s e  of r e q u i r e -  
ments Lor Apollo 12 s u p p o r t .  
F o r  g l a t - r i a l  r e l a t i n g  t o  fac i l i ty  i m p r o v e m e n t s  
and  t e s t s  s e e  Sect ion IIIC. 
2. D o ~ l e  r  In format ion .  F i g u r e s  95- 97 p r e s e n t  
p lo t s  o; t i l e  dopple r  b i a s  f o r  P i o n e e r  VIII f o r  J u l y ,  
August ,  and S e p t e m b e r  of 1969. As i l l u s t r a t e d ,  
the  ciopp1e.r b i a s  r a n g e d  f r o m  - 0.10 t o  - 0. 020 Hz 
f o r  Zaly, - 0.  10  t o  -0 .  24 Hz f o r  August ,  and  
-0- 20 t o  - 0 .  38 FIz f o r  S e p t e m b e r .  T h e  low b i a s  
trencl inclicates t h a t  t h e  s t a t e  v e c t o r  suppl ied  w a s  
usefu l  Cor o p e r z t i o n a l  DSS p r e d i c t i o n s  d u r i n g  t h i s  
pc r iod.  
F i g u r e s  96- 100 p r e s e n t  p lo t s  of t h e  1 - m i n u t e  
two- way dopple r  n o i s e  dur ing  J u l y ,  August ,  and  
S c p t e m h e r .  
Dcrin,: J u l y ,  p a s s e s  578 and  579 a t  DSS 42 and 
p a s s  560  a t  DSS 51 ind ica ted  h i g h e r  n o i s e  t h a n  
o t h e r  t r a c k i n g  p a s s e s .  Dur ing  August ,  h igher  
n o i s e  or1 isasses  618 and  619 a t  DSS 12 w a s  c a u s e d  
by f a i l u r e  of the r u b i d i u m  v a p o r  f r e q u e n c y  s t a n -  
d a r d  ic tiic f requency  t i m i n g  s y s t e m s .  Dur ing  
Scpternbei-,  t h e  cioppler n o i s e  w a s  g e n e r a l l y  below 
CL L ~ L L  ,e s t i m a t e d  n o m i n a l  va lue  of 0. 01 5 Hz,  ind ica t ing  
tha t  the  s t a t i o n s  p e r f o r m e d  nomina l ly .  
F i g u r c s  101.- 103  i l l u s t r a t e  t h e  s igna l - to -no ise  
r a t i o s  C O T  P i o n e e r  VIII. Dur ing  J u l y ,  DSS 12 
ind ica ted  a l o w c r  r a t i o  ( l e s s  than 10 d B )  on  p a s s  
571, and DSS 11 and DSS 61 ind ica ted  a  l o w e r  r a t i o  
on p a s s e s  575 and  591, r e s p e c t i v e l y .  T h i s  l o w e r  
SNi i  i s  sa-.q a s  a  r e a s o n  f o r  b l u n d e r s  ind ica ted  b y  
the  r e s i d u a l  p r o g r a m  f o r  DSS 12 da ta .  O t h e r  s t a -  
t ions  ind ica ted  n e a r l y  11 dB o r  b e t t e r  d u r i n g  Ju ly .  
E u r i n g  August ,  the  e s t i m a t e d  n o m i n a l  s igna l - to -  
n o i s e  r a t i o  w a s  c a l c u l a t e d  t o  b e  9. 7  d B  f o r  a  12-Hz  
handwidtli  ( F i g ,  102) .  
Dur ing  S e p t e m b e r  ( F i g .  103) ,  DSS 42 t r a c k e d  
a t  3-Hz bandwidth on p a s s e s  653 and  654. T h e  
c a l c u l a t e d  r a t i o  w a s  s l igh t ly  below the  n o m i n a l  
r a t i o  (0. 5  dB) .  T h i s  dev ia t ion  w a s  within t h e  
t o l e r a n c e  (*3 d B )  of the  m e a s u r e m e n t  and  ca l i -  
b r a t i o n  of t h e  3-Hz bandwidth conf igura t ion .  T h e  
SNR a t  12-Hz bandwidth,  a t  m o s t  s t a t i o n s ,  w a s  
above  t h e  n o m i n a l  c u r v e ,  which  ind ica ted  a  n o m i -  
n a l  p e r f o r m a n c e .  Although s l igh t ly  below the  
c u r v e ,  the  v a l u e s  a r e  within t o l e r a n c e  of the  
*3 - dB l i m i t s  . 
F i g u r e s  104-106 p r e s e n t  p lo t s  of t h e  dopple r  
b i a s  f o r  P i o n e e r  VIII f o r  the f ina l  q u a r t e r  of 1969. 
The  low change  in t h e  dopple r  b i a s  ind ica tes  t h a t  
the  s t a t e  v e c t o r  w a s  good f o r  p r e d i c t i o n  p u r p o s e s .  
T h e  a p p r o x i m a t e  r a n g e s  of dopple r  b i a s  b y  m o n t h  
w e r e :  - 0 . 2 4  t o  -0 .  38 Hz ,  October ;  -0 .  25 t o  
-0.  38 Hz ,  N o v e m b e r ;  a n d  - 0 .  32 t o  - 0 . 3 8  I-Iz, 
D e c e m b e r .  F i g u r e  104 i l l u s t r a t e s  a  d i scont inu i ty  
be tween  p a s s e s  675 and  682. T h e  a p p a r e n t  c a u s e  
w a s  t h e  u s e  of two d i f fe ren t  p l a n e t a r y  e p h e m e r i d e s  
(DE-19  f o r  P r e d i c t s  Set  56D and DE-43 f o r  P r e -  
d ic t s  Se t  57D). T h e  d i scont inu i ty  s topped  when  
the  p r e d i c t s  w e r e  r e g e n e r a t e d  wi th  p l a n e t a r y  
e p h e m e r i s  DE- 1 9 ;  the  d o p p l e r  b i a s  r e t u r n e d  t o  
-0 .  28 Hz. 
T h e  1 - m i n u t e  two-way dopple r  n o i s e  d a t a  i s  
i l l u s t r a t e d  i n  F i g s .  107- 109.  G e n e r a l l y ,  f o r  the  
3-Hz bandwidth o p e r a t i o n s  and  t h e  12-Hz band- 
wid th  t h e  n o i s e  w a s  below t h e  e s t i m a t e d  nomina l  
va lue .  During October  and  D e c e m b e r ,  the  e s t i -  
m a t e d  n o m i n a l  v a l u e s  w e r e  0 .01  2 Hz f o r  3- Hz 
bandwidth and  below 0, 014 f o r  12- Hz bandwidth. 
Dur ing  N o v e m b e r ,  the  d o p p l e r  n o i s e  g e n e r a l l y  w a s  
below t h e  e s t i m a t e d  n o m i n a l  v a l u e  of 0. 01 1 Hz f o r  
3-Hz bandwidth o p e r a t i o n s ,  DSS 14 t r a c k e d  the  
12-I-Iz bandwidth on p a s s  697, and the  n o i s e  w a s  
below t h e  n o m i n a l  va lue  of 0. 014 Hz. 
F i g u r e s  11 0- 11 2 i l l u s t r a t e  t h e  a c t u a l  SNR i n  
dB above  r e c e i v e r  t r a c k i n g  t h r e s h o l d .  T h e  e s t i -  
m a t e d  n o m i n a l  SNR w a s  c a l c u l a t e d  f o r  3- and  
12-Hz bandwidth.  
Dur ing  O c t o b e r ,  DSS 42 t r a c k e d  a t  3- and 
12-Hz bandwidth on p a s s  660;  the  s p r e a d  w a s  
a p p r o x i m a t e l y  4. 5  dB.  T h e  a c t u a l  SNR f o r  12- Hz 
bandwidth w a s  above  t h e  n o m i n a l  SNR b y  approxi -  
m a t e l y  1 dB.  T h e  3-Hz bandwidth o p e r a t i o n  
dev ia ted  a r o u n d  t h e  n o m i n a l ,  but  the  dev ia t ion  w a s  
within the  *3-dB t o l e r a n c e  of the  m e a s u r e m e n t  and 
c a l i b r a t i o n  of t h e  3-Hz bandwidth conf igura t ion .  
T h e  change i n  t h e  SNR a t  DSS 12 on p a s s  691 
(3-Hz bandwidth)  d u r i n g  N o v e m b e r  r e s u l t e d  f r o m  
a m a s e r  gain f luctuat ion.  T h e  SNR a t  12-Hz  
bandwidth a t  DSS 1 4  w a s  above the n o m i n a l  c u r v e ,  
indicat ing a  b e t t e r  than  n o m i n a l  p e r f o r m a n c e .  
T h e  SNR a t  m o s t  s i t e s  d u r i n g  D e c e m b e r  devi-  
a t e d  below t h e  nomina l  va lue  by  a p p r o x i m a t e l y  
1.  5  dB. DSS 12 w a s  above  n o m i n a l  a t  t h e  beginning 
of t h e  r e p o r t  per iod .  T h e s e  dev ia t ions  w e r e  within 
t h e  t o l e r a n c e  of *3 dB of t h e  m e a s u r e m e n t  and  ca l i -  
b r a t i o n  of t h e  3-Hz bandwidth configurat ion.  T h e  
SNR f o r  DSS 1 4  w a s  c o m p u t e d  a t  *20 dB,  and t h e  
s i t e  t r a c k i n g  w a s  above  t h e  e x p e c t e d  n o m i n a l  l eve l .  
3. R F  P e r f o r m a n c e .  F i g u r e s  113-  126 i l l u s t r a t e  
p r e d i c t e d  f r e q u e n c y  and  a c t u a l  f r e q u e n c y  ob ta ined  
2 0 JPL T e c h n i c a l  M e m o r a n d u m  33-426,  Vol. IX 
f r o m  P i o n e e r  VIII dur ing  t h e  f i r s t  half of th i s  
r e p o r t i n g  per iod .  
F r e q u e n c y  p lo t s  of t h e  m e a s u r e d  a u x i l i a r y  
o s c i l l a t o r  f r e q u e n c i e s  dur ing  J u l y ,  August  and  
S e p t e m b e r  of 1969 a r e  i l l u s t r a t e d  in  F i g s .  113- 11 5 
f o r  the  p u r p o s e  of eva lua t ing  p r e d i c t i o n s .  Dur ing  
J u l y  and August ,  t h e  a c t u a l  d a t a  points  follow t h e  
p r e d i c t e d  c u r v e  within 100 Hz a t  S-band leve l .  
During S e p t e m b e r ,  t h e  a c t u a l  d a t a  points  fol low 
t h e  p r e d i c t e d  c u r v e  within 50 Hz. F i g u r e s  116-1 18  
i l l u s t r a t e  the  p r e d i c t e d  a n d  a c t u a l  a u x i l i a r y  o s c i l -  
l a t o r  c u r v e s  f o r  O c t o b e r ,  N o v e m b e r  a n d  Decem-  
b e r .  T h e r e  w e r e  no p r o b l e m s  dur ing  t h e  q u a r t e r ;  
t h e  a c t u a l  d a t a  fol lowed the  p r e d i c t e d  c u r v e  within 
50 Hz a t  S-band leve l .  
Channe l  7 b e s t - l o c k  ( r e c e i v e r  2 )  f r e q u e n c y  
p lo t s  f o r  J u l y ,  August ,  a n d  S e p t e m b e r  a r e  i l lus -  
t r a t e d  i n  F i g s .  11 9- 121. T h e  d a t a  f o r  J u l y  and  
August  w a s  below t h e  p r e d i c t e d  c u r v e  b y  approxi -  
m a t e l y  20 Hz. T h e  d a t a  f o r  S e p t e m b e r  w a s  within 
35 Hz of t h e  p r e d i c t e d  va lue .  No d a t a  point m e a -  
s u r e m e n t s  w e r e  m a d e  on channe l  6 ( r e c e i v e r  l )  
dur ing  October  (channe l  7 m e a s u r e m e n t s  f o r  
O c t o b e r  a r e  shown i n  Fig.  122) .  F o r  N o v e m b e r  
( F i g .  123) ,  t h e  a c t u a l  d a t a  a p p e a r e d  t o  b e  approxi -  
m a t e l y  40 Hz above  t h e  p r e d i c t e d  c u r v e .  Chan- 
n e l  6 d a t a  w a s  p r o c e s s e d  by DSS 1 4  b e c a u s e  of 
t h e  a b n o r m a l  sh i f t  i n  channe l  7 b e s t - l o c k  f r e q u e n c y  
( F i g .  124) .  Dur ing  D e c e m b e r  ( F i g .  125) ,  t h e  
a c t u a l  channe l  6 d a t a  fol lowed t h e  p r e d i c t e d  c u r v e  
within 30 Hz a t  S-band leve l .  Channe l  6 d a t a  w a s  
t a k e n  f o r  D e c e m b e r  b e c a u s e  of the  change  i n  
channe l  7 f r e q u e n c y  d i r e c t i o n  ( F i g .  126). 
F o r  channe l  7 ( r e c e i v e r  2 )  d u r i n g  O c t o b e r ,  
m o s t  of t h e  f r e q u e n c y  d a t a  a p p e a r e d  t o  b e  within 
35 Hz of the p r e d i c t e d  va lue  ( F i g .  122) .  Delay i n  
acquis i t ion  of t h e  s p a c e c r a f t  r e c e i v e r  r e s u l t e d  
f r o m  t h e  u s e  of a l t e r n a t e  o p e r a t i o n a l  p r o c e d u r e s  
b e c a u s e  of t h e  change  in b e s t - l o c k  f requency .  
Mos t  of t h e  channe l  7 d a t a  f o r  N o v e m b e r  
a p p e a r e d  t o  b e  within 4 5  Hz above  and  below t h e  
p r e d i c t e d  va lue .  Again,  f r e q u e n c y  dev ia t ions  
w e r e  the  c a u s e  of d e l a y  of two-way acquis i t ion .  
With acquis i t ion  of t h e  s p a c e c r a f t  r e c e i v e r  a g a i n  
de layed  i n  D e c e m b e r ,  a s tudy  of the  b e s t - l o c k  
f r e q u e n c y  sh i f t  w a s  s t a r t e d .  Dur ing  D e c e m b e r ,  
m o s t  of t h e  channe l  7 f r e q u e n c y  d a t a  ( F i g .  126)  
a p p e a r e d  t o  b e  within 40 Hz above t h e  p r e d i c t e d  
va lue .  
4 .  T e l e m e t r y  P e r f o r m a n c e .  T h e  qua l i ty  of 
r e a l - t i m e  t e l e m e t r y  is ind ica ted  b y  t h e  p a r i t y  
e r r o r  r a t e  ( P E R )  pr in tou t  on t h e  e n g i n e e r i n g  
t e l e m e t r y  d a t a  p r in tou t .  (A P E R  of 0. 116 i s  
equ iva len t  t o  one e r r o r  i n  1000 consecu t ive  b i t s  
of i n f o r m a t i o n  and i s  r e g a r d e d  a s  t h e  l i m i t i n g  
va lue  f o r  t h e  uncoded and  convolut ion-  coded  uni t  
m o d e s  of o p e r a t i o n .  ) T h e  p a r i t v  e r r o r  r a t e s  w i t h  
A t o t a l  of 21 50 c o m m a n d s  had been  se 1" lo 
P i o n e e r  VIII f r o m  J u l y  1 ,  1969,  I h r o u g h  J r i i ~ e  1 c.76 
T h e  c u m u l a t i v e  t o t a l  of c o m m a n d s  s c ~ t  1-9 P r c i i r e i  
VIII by  t h e  e n d  of J u n e  1970 w a s  7h04. 
6. P a s s  Chronology.  Anomal ies  which  o c c u r r e d  
d u r i n g  t h e  r e p o r t i n g  p e r i o d  a r e  l i s t e d  11c:-e b y  p a s s  
n u m b e r .  A p a s s  n u m b e r  i s  def ined  a s  :he n u m b e r  
of t i m e s  s i n c e  l a u n c h  t h a t  t h e  s p a c e c r a f i  h a s  been  
above the  h o r i z o n  of a p a r t i c u l a r  statio:?. 
P a s s  568. At DSS 11,  s e v e r a l  hiuncler points  
of l e s s  t h a n  10 c y c l e s  in  magni tudc  w e r e  r e p o r t e d  
t o  t h e  s i t e .  All  of t h e  c o n f i r m e d  b l u n d e r  poii't s 
w e r e  a p p a r e n t l y  a r e s u l t  of the  dopple r  resolver-  
malfunct ion.  On t h e  s a m e  p a s s  a t  DSS 61 t h e  
r e s i d u a l  p r o g r a m  ind ica ted  a n o i s e  b u r s t  be tween  
1730 a n d  1758. T h e  n e t w o r k  a n a l y s i s  t e a m  s u s -  
p e c t e d  t h a t  th i s  w a s  a r e s u l t  of a b a d  p r e d i c t i o n  
point  o r  r e s i d u a l  p r o g r a m  malfurict icn.  
P a s s  570. At DSS 14 ,  t h e  o n e - s e c o n d  TDZi 
d a t a ,  d e s i g n a t e d  a s  P l a n  " F , "  ind ica ted  an inac-  
c u r a t e  s a m p l e  r a t e  which  inva l ida ted  ti13 d a t a ,  A 
b a d  c a r d  w a s  l o c a t e d  i n  the  P C  14:3 T'DEI p r o -  
g r a m m e r  c o n t r o l  unit.  T h e  o n e - s e c o n d  da ta  was 
t o  b e  u s e d  f o r  a s p i n  r a t e  a n a l y s i s .  
P a s s  571. At DSS 12 ,  a t w o - s i d e a  b'undei 
point  of a p p r o x i m a t e l y  49  c y c l e s  o c c u r r e d  at 
2229:02. An inves t iga t ion  w a s  s t a r t e d ,  
P a s s  572. At DSS 42 ,  the  r e c e r v e i  l o s t  loch  
when r e c e i v e r  r a c k  5 w a s  opened.  Thic  w a s  
c a u s e d  by  a l o o s e  c o n n e c t o r .  
P a s s  573. At DSS 51, T D H  d a t a  ind ica ted  
w r o n g  s t a t i o n  ident i f icat ion f r o m  1825 t h r o u g h  
1835. T h e  s i t e  w a s  not i f ied in  r e a l - t i m e ,  and i.hc 
n e c e s s a r y  c o r r e c t i o n  w a s  m a d e  t o  t11c trac:iiiig 
d a t a  f o r m a t .  
P a s s  576. At DSS 12 ,  t h e  fo1lowii:g :~iundei-  
points  o c c u r r e d :  
T i m e  
2 3 54 
0339 
0341 
T h e  a n a l y s i s  of t h e  d a t a  ind ica ted  tliar .;he receive;.  
w a s  i n  lock.  However ,  l o w e r  SNR cou.itl aceourit 
f o r  t h e  b l u n d e r s  which  m a y  have resir l ted from 
c y c l e  s l i p s .  
P a s s  591. DSS 61 had  diff icul ty acci~rir ing the  
s p a c e c r a f t  b e c a u s e  of p o l a r i z e r  r n i s a i i g n i n e ~ i t .  Ai 
a l ignment  of t h e  p o l a r i z e r  w a s  m a d e ,  21iCj 11ormal 
acquis i t ion  of the  s p a c e c r a f t  ensued .  
P a s s  582. At DSS 12 ,  m a s e r  ivarrnup because 
of l i n e  con tamina t ion  w a s  c o r r e c t e d  by p ~ ~ r g i n g  t h e  
l ine.  
t h e  app l icab le  b i t  r a t e  modks  f o r  P i o n e e r  VIII 
d u r i n g  S e p t e m b e r ,  O c t o b e r ,  N o v e m b e r ,  a n d  P a s s  604. At DSS 61,  a TDH printout  fa i lu re  
w a s  no ted  i n  t h e  dopple r  co lumn of . t l~e  l racl i ing D e c e m b e r  a r e  p r e s e n t e d  i n  F i g s .  127-130. T h e  d a t a  a t  1759:02. DSS 61 w a s  not i f ied in  r e a l - t i m e  p a r i t y  e r r o r  r a t e  d id  e x c e e d  t h e  t h r e s h o l d  f o r  
and  c o n f i r m e d  the  b a d  d o p p l e r  p r i n t .  good t e l e m e t r v  on a n u m b e r  of p a s s e s  d u r i n g  t h i s  
L, 
p e r i o d .  P a s s  617. At DSS 51 ,  the cornmanil  encodcr- 
showed v a r i a t i o n s  in  t h e  tone ampl i tude .  The  
5. P r e d i c t s  and  C o m m a n d s .  P r e d i c t s  g e n e r a t e d  c o m m a n d  e n c o d e r  w a s  r e p l a c e d  wi4--b a s p a r e  b e -  
f r o m  J u l y  1 t o  J a n u a r y  1 a r e  p r e s e n t e d  i n  T a b l e  9. c a u s e  of i n c o r r e c t  a d j u s t m e n t  of the  con~n?anci  
P r e d i c t s  f o r  t h e  r e m a i n d e r  of t h e  r e p o r t i n g  p e r i o d  tone  a m p l i f i e r s .  T h e  t o t a l  comrnarld ca?a.l>i!it.jr 
a r e  not  ava i lab le .  downt ime w a s  20 min .  
J P L  T e c h n i c a l  M e m o r a n d u m  33-426,  Vol. IX 
P a s s e s  61 8 - 620. Dopple r  n o i s e ,  a s  ind ica ted  
b y  t h e  r e s i d u a l  p r o g r a m ,  w a s  e x c e s s i v e l y  high 
( 0 , 0 5 0  H z )  on  p a s s  618 a t  DSS 12. T h e  r u b i d i u m  
v a p o r  f r e q u e n c y  s t a n d a r d  w a s  r e p l a c e d  b y  t h e  
s e c o n d a r y  r u b i d i u m ,  but  t h e r e  w a s  n o  change  i n  
the  dopple r  n o i s e  l eve l .  On p a s s  61 9, a n o t h e r  
new r u b i d i u m  w a s  i n s t a l l e d ,  s t a r t i n g  a t  2230, 
and  on p a s s  620 t h e  d o p p l e r  n o i s e  l e v e l  w a s  below 
nomina l .  T h e  TDH p r i n t o u t  on  p a s s  61 9 a t  DSS 51 
ind ica ted  t h a t  t h e  dopple r  r e s o l v e r  d a t a  w a s  b a d  
f r o m  1202 to 1343. T h e  r e s o l v e r  w a s  r e s e t  a n d  
t h e  t r i g g e r  l e v e l  s e n s i t i v i t y  a d j u s t e d  t o  c o r r e c t  
t h e  bad  r e s c l v e r  da ta .  
P a s s  631. At DSS 11 ,  t h e  TDH p r i n t o u t  began  
dropplng  t h e  t h i r d  d ig i t  i n  t h e  VCO f ie ld  a t  2352. 
T h e  p r o b l e m  w a s  a  r e s u l t  of a  defec t ive  c a b l e  a t  
the  r e a r  of the  VCO counte r .  T h e  p r o b l e m  w a s  
c o r r e c t r c l  by 0327. 
P a s s  634, At DSS 12 ,  t h e  d i s c r i m i n a t o r  
-- 
acquls l t ?on  cont ro l  p o t e n t i o m e t e r  c a u s e d  t h e  
c x c l t e r  VCO f r e q u e n c y  t o  j u m p  e r r a t i c a l l y  whi le  
tunlng.  ;)SS 1 L a c q u i r e d  two-way t r a c k  t o  s u p p o r t  
DSS 12. 
P a s s  640. At DSS 11 ,  t h e  a v e r a g e  d o p p l e r  
n o i s e  was  0. 013 Hz b e f o r e  0250. Af te r  0250, i t  
w a s  0. 020 Hz unt i l  e n d - o f - t r a c k  a t  0500. T h e  
s i g n a l - t o - n o i s e  t e m p e r a t u r e  w a s  about  60" K d u r i n g  
t h i s  p e r i o d .  The  p r o b l e m  a p p a r e n t l y  r e s u l t e d  
f r o m  a thz inders to rm a t  t h e  s i t e .  
P a s s  647. At DSS 11,  h i g h e r  d o p p l e r  n o i s e  
l e v e l  w a s  a p p a r e n t l y  a  r e s u l t  of op t imiz ing  t h e  
an tenna  posi t ion th roughout  the  p a s s .  It  w a s  a l s o  
no ted  that  the  p a r i t y  e r r o r  r a t e  w a s  h i g h e r  t h a n  
t h e  t h r e s h o l d  l o r  good t e l e m e t r y ,  a n d  the  s igna l -  
t o - n o i s e  t e m p e r a t u r e  w a s  no t  g iven  f o r  t h e  p a s s  
b e c a u s e  tile m o n i t o r i n g  e q u i p m e n t  w a s  not  ca l i -  
b r a t e d  p r o p e r l y .  Approximate ly  76 m i n  of d a t a  
w e r e  l o s t  b e c a u s e  of t h e  i m p r o p e r  c a l i b r a t i o n  of 
t h e  i n t e r s i t e  r r l icrowave l ink.  DSS 11 r e c e i v e d  
s u p p o r t  i r o r i  DSS 12 g r o u n d - o p e r a t e d  equipment .  
P a s s e s  752 - 760. Eva lua t ion  of t h e  h igh  
t e l e m e t r y  p a r i t ~ r  e r r o r  r a t e  f r o m  DSS 61 r e p o r t e d  
in Decerr7be:- 1969 ( p a s s e s  728-749) w a s  cont inued 
th rough  Zanaal-y 1970. F i g u r e  131 i l l u s t r a t e s  
the  high PER r e p o r t e d  in  J a n u a r y  1970 on p a s s e s  
752, 7 5 1 ,  758, 759, and  760. 
P a s s  752. At DSS 61, t h e  high P E R  w a s  
a p p a r e n t l y  due t o  snow pi l ing up  on t h e  cone .  T h e  
snow a p p e a r e d  t o  have  a t t e n u a t e d  the  s i g n a l  
s t r e n g t h  and  t h e  a v e r a g e  s y s t e m  n o i s e  t e m p e r a -  
t u r e  ( 7 8 ° K ) .  An e a r l y  t r a n s f e r  t o  DSS 12 w a s  
m a d e  b e c a u s e  of the snow and  h igh  P E R .  
P a s s  753, At DSS 61, the  P E R  w a s  due t o  t h e  
r a - n ,  w h c h  s e e m s  to have  a t t e n u a t e d  t h e  s i g n a l ,  
and a  t r a n s l n l t t e r  p r o b l e m .  
P a s s e s  758 - 760. No r e a s o n s  cou ld  b e  found 
lor  the high P E R  on p a s s e s  758 t h r o u g h  760 a t  
DSS 61. 
P a s s  765. At DSS 61, ARC a u t h o r i z e d  t r a c k  
in the  n o n c c h e r e n t  m o d e  s o  t h a t  a n  a n a l y s i s  cou ld  
l ~ e  m a d e  withoul: t h e  e f fec t s  of t h e  t r a n s m i t t e r .  
F r o m  the  a n a l y s i s ,  t h e  P E R  a p p e a r e d  t o  be  
appro:iiii.ately 0. 038 dur ing  t h e  p a s s .  T h e  l o w e r  
PER a t  S b i t s / s  in  t h e  n o n c o h e r e n t  m o d e  ind ica ted  
t h a t  the  t r a n s m i t t e r  m a y  have c a u s e d  the  high P E R  
d u r i n g  p a s s e s  758, 759, and  760. ( T h e r e  w a s  no 
conc lus ive  proof  t h a t  t h e  t r a n s m i t t e r  c a u s e d  the 
h igh  P E R .  However ,  F ig .  131 i l l u s t r a t e s  t h a t  on 
p a s s e s  767 and  768 a t  DSS 61 t h e  P E R  a p p e a r e d  
t o  be  l o w e r  (0. 035) than  p r e v i o u s  p a s s e s  a t  
8  b i t s / s  i n  t h e  two-way c o h e r e n t  m o d e .  ) 
P a s s  764. At DSS 12,  be tween  1918 a n d  
1940,  t h e  s i t e  had  a  p r o b l e m  i n  lock ing  t h e  t e l e m -  
e t r y  d a t a  s t r e a m  wi th  t h e  GOE ~ e m o d / s ~ n c .  T h e  
o p e r a t o r  swi tched  t h e  GOE t o  t h e  d a t a  f o r m a t  
g e n e r a t o r  (DFG)  pos i t ion  t o  r e s o l v e  the  p r o b l e m .  
It w a s  no ted  t h a t  if t h e  t e l e m e t r y  d a t a  s t r e a m  w a s  
i n t e r r u p t e d  f r o m  t h e  ~ e m o d / s ~ n c  m o m e n t a r i l y ,  
when t h e  fau l t  o c c u r r e d ,  the  d e m o d  locked  up. 
T h i s  a p p a r e n t l y  w a s  a  p e c u l i a r i t y  of the  GOE. 
P a s s  778. At DSS 62, t h e  s i t e  r e p o r t e d  a  
high P E R  d u r i n g  two-way c o h e r e n t  t r a c k .  
P a s s  779. At DSS 62,  the  P E R  v a l u e  w a s  in  
e r r o r  due t o  t h e  new DOI-5021-OP T C P  c o m p u t e r  
p r o g r a m .  
P a s s  782. At DSS 61,  the  TDH d a t a  ind ica ted  
a n  e r r o n e o u s  d a y - o f - y e a r  p r i n t o u t  f o r  12 1 - m i n  
T D H  s a m p l e s .  T h e  e r r o n e o u s  d a y  of y e a r  
s a m p l e s  o c c u r r e d  a t  t h e  fol lowing t i m e s :  1130- 
1132 ,  1201- 1206, 1722-1724. DSS 61 c o r r e c t e d  
t h e  p r o b l e m  by  r e s e t t i n g  t h e  TDH P C -  141 
p r o g r a m m e r .  
P a s s  787. At DSS 51, t h e  pseudo  r e s i d u a l  
p r o g r a m  ind ica ted  a  high n o i s e  l e v e l  i n  t h e  two- 
way  dopple r  da ta .  At 1143,  DSS 51 found tha t  t h e  
m o s t  s ign i f ican t  digi t  of t h e  d o p p l e r  c o u n t e r  w a s  
i n c o r r e c t .  T h e  s t a t i o n  t r a c e d  the  p r o b l e m  t o  a  
defec t ive  con tac t  a t  pin C on  t h e  J 1 0 3  c o n n e c t o r  
of t h e  dopple r  c o u n t e r .  T h e  p r o b l e m  w a s  r e s o l v e d  
by  1706. 
P a s s  790. At DSS 51, a n  i n c o r r e c t  r e a d o u t  
of t h e  s e c o n d  digi t  of t h e  h o u r  ang le  p r i n t o u t  on 
t h e  TDH o c c u r r e d  be tween  1319 a n d  1405. T h e  
i n c o r r e c t  r e a d o u t  s t o p p e d  bu t  r e o c c u r r e d  f r o m  
1520 t o  1554. T h e  s t a t i o n  r e p l a c e d  a  c a r d  in  t h e  
TDH P C -  142 p r o g r a m m e r ,  which  r e s o l v e d  t h e  
p r o b l e m .  
P a s s  792. At DSS 51, t h e  TDH p r i n t o u t  indi- 
c a t e d ,  a t  1154 ( s t a r t  of t r a c k ) ,  t h a t  t h e  d o p p l e r  
r e s o l v e r  c o u n t e r  v a l u e s  w e r e  a l l  z e r o s .  T h e  s i t e  
c o r r e c t e d  the  p r o b l e m  by  1245 and  a t t r i b u t e d  t h e  
p r o b l e m  to t h e  100-MHz dopple r  r e s o l v e r  c o u n t e r .  
P a s s  794. At DSS 61,  i t  w a s  r e p o r t e d  t h a t  the  
s p o r a d i c a l l y  m i s s i n g  TDH s a m p l e s  w e r e  c a u s e d  b y  
a n  i n t e r m i t t e n t  0. 5 -s  p u l s e  in  t h e  P C - 1 4 3  p r o g r a m -  
m e r .  T h e  p r o b l e m  w a s  c o r r e c t e d  b y  r e p l a c i n g  a  
c a r d  i n  t h e  P C - 1 4 3  p r o g r a m m e r ,  T h i s  p r o b l e m  
c a u s e d  DSS 61 t o  l o s e  2 h and 8 m i n  of TDH da ta .  
P a s s  799. DSS 61 w a s  not i f ied t h a t  t h e  P E R  
w a s  beyond l i m i t s  (1.000) .  DSS 51 swi tched  f r o m  
p r i m e  r e c e i v e r  1 t o  r e c e i v e r  2 a t  a  12-Hz loop  
bandwidth f i l t e r  conf igura t ion ,  a n d  t h e  P E R  be-  
c a m e  n o m i n a l  f r o m  1407 t o  1644. Be tween  1728 
and  1930,  t h e  3-Hz loop  bandwidth modi f ica t ion  
k i t  w a s  i n s t a l l e d  and  c h e c k e d  in r e c e i v e r  2. T h e  
P E R  w a s  n o m i n a l  (0 .493)  be tween  1740 a n d  1840. 
DSS 51 ac t ion  r e s u l t e d  i n  a n  a c c e p t a b l e  P E R  f o r  
t h i s  conf igura t ion .  R e c e i v e r  2 p r i m e ,  a t  3-Hz 
loop  bandwidth conf igura t ion ,  w a s  m a i n t a i n e d  f o r  
t h e  r e m a i n d e r  of t r a c k .  
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P a s s  802. DSS 6 1  w a s  unable  t o  lock  t h e  
T C P  t o  t h e  t e l e m e t r y  d a t a  s t r e a m .  T h e  s t a t i o n  
ind ica ted  t h a t  t h e  w r o n g  p r e p a s s  i n s t r u c t i o n s  w e r e  
p r o v i d e d ;  i. e . ,  t h e  t e l e m e t r y  b i t  r a t e  w a s  g iven  
a t  16 b i t s f s .  A f t e r  t h e  p r o p e r  bi t  r a t e  w a s  d e t e r -  
m i n e d  t o  be  8 b i t s / s ,  a D e m o d / s y n c  lock  w a s  
obtained when t h e  s i t e  swi tched  t o  8 b i t s / s .  T h i s  
p r o b l e m  c a u s e d  DSS 6 1  t o  l o s e  14 m i n  of T C F  
t e l e m e t r y  d a t a .  
P a s s  810. DSS 61 indicated t h a t  t h e  r e c e i v e r  
t h r e s h o l d  w a s  d e g r a d e d  a p p r o x i m a t e l y  20 d B m W  
in t h e  3-Hz  loop bandwidth and 2 d B m W  in t h e  
12-Hz loop bandwidth conf igura t ion .  T h e  s i g n a l  
m a r g i n  d e g r a d a t i o n  c a u s e d  the  D e m o d / s y n c  to 
h a v e  a n  u n s t a b l e  lock  f o r  a p p r o x i m a t e l y  52 m i n  
and 30 s be tween  1100 and  1152:30. An inves t i -  
gat ion r e v e a l e d  t h a t  DSS 61  w a s  in  t h e  MSFN con-  
f igura t ion  r a t h e r  t h a n  in t h e  DSN configurat ion.  
Another  p r o b l e m  o c c u r r e d  be tween  1200 and  1226 
when DSS 61  w a s  unable  t o  lock  t h e  T C P  c o m p u t e r .  
T h e  s t a t i o n  c o r r e c t e d  t h e  p r o b l e m  by  p r o p e r l y  
s e t t i n g  t h e  t e l e m e t r y  p h a s e  d e t e c t o r .  R e a l - t i m e  
t e l e m e t r y  d a t a  w a s  l o s t  f o r  a p p r o x i m a t e l y  26 min .  
P a s s  814. A t  DSS 42, t h e  p s e u d o - r e s i d u a l  
p r o g r a m  ind ica ted  t h a t  t h e  two-way dopple r  n o i s e  
w a s  high (0. 016 Hz).  T h e  n o m i n a l  n o i s e  f o r  t h e  
3 -Hz  loop bandwidth h a s  been  0. 011 Hz. DSS 42  
w a s  contac ted  and t h e  s ta t ion  c o n f i r m e d  t h a t  i t s  
DIS m o n i t o r  p r in tou t  ind ica ted  t h e  high n o i s e  l eve l .  
I t  w a s  s u s p e c t e d  t h a t  t h e  s t a t i o n  had been  i n  a 
12-Hz loop bandwidth conf igura t ion  d u r i n g  t r a c k .  
A c h e c k  on t h e  two-way dopple r  d a t a  w a s  u n d e r -  
t aken ,  u s i n g  t h e  O r b i t  D e t e r m i n a t i o n  P r o g r a m .  
P a s s  822. At  DSS 61, t h e  a n t e n n a  pointing 
s u b s y s t e m  fa i led  twice  and t h e  d r i v e  t a p e  went  
out of c o n t r o l  e a c h  t i m e .  T h e s e  f a i l u r e s  o c c u r r e d  
a t  t h e  fol lowing t i m e s :  1250:25- 1323:00, 1806:40- 
1841:05. DSS 61  c o r r e c t e d  t h e  p r o b l e m s  by  
swi tch ing  t o  t h e  a ided  m o d e  whi le  r e l o a d i n g  t h e  
a n t e n n a  point ing s u b s y s t e m  p r o g r a m .  
P a s s  825. At  DSS 51, t h e r e  w a s  n o  output  
f r o m  t h e  a n t e n n a  point ing s u b s y s t e m  p r o g r a m  
be tween  1423:04 and  1426:08 t o  d r i v e  t h e  antenna.  
T h e r e f o r e ,  t h e  r e c e i v e r  w a s  out  of lock. T h e  
p r o g r a m  w a s  r e s t a r t e d ;  no obvious fau l t  w a s  
a p p a r e n t .  
P a s s e s  829 and  831. DSS 51  e x p e r i e n c e d  high 
two-way dopple r  n o i s e  (0. 020 Hz) ,  which  w a s  
a p p a r e n t l y  due  t o  t h e  dopple r  r e s o l v e r .  T h e  
dopple r  r e s o l v e r ' s  r e a d i n g s  w e r e  noted t o  b e  out 
of l i m i t s  f o r  a p p r o x i m a t e l y  12 t o  22 70 of t h e  
scheduled  t r a c k  t i m e .  T h e  s t a t i o n  a t t e m p t e d  t o  
c o r r e c t  t h e  p r o b l e m ,  and on p a s s  833 t h e  dopple r  
r e s o l v e r ' s  l i m i t s  w e r e  e x c e e d e d  only 
in te rmi t ten t ly .  
P a s s  834. At  DSS 42, a h i g h  l e v e l  of two- 
w a y  dopple r  n o i s e  w a s  noted.  T h i s  p r o b l e m  w a s  
p r o b a b l y  due  t o  u s e  of t h e  12-Hz loop bandwidth 
conf igura t ion .  S ince  the  3-Hz loop bandwidth. 
f i l t e r  w a s  s e n t  t o  DSS 41,  t h e  t e l e m e t r y  e r r o r  r a t e  
r e a d i n g s  ( E R R )  w e r e  beyond l i m i t s  (0. 999) f o r  
16 b i t s / s .  P r o j e c t  swi tched  t h e  P i o n e e r  VIII 
t e l e m e t r y  r a t e  t o  8 b i t s / s .  
P a s s e s  842, 843, and  844. DSS 51  h a d  a n  
a p p a r e n t  dopple r  r e s o l v e r  f a i l u r e .  On p a s s  842,  
DSS 5 1  r e p o r t e d  t h a t  t h e  s t a t i o n  w a s  r e p l a c i n g  thc 
dopple r  r e s o l v e r  ( a  B e c k m a n  EPLJT coul i t e r )  but 
w a s  u n a b l e  t o  e s t i m a t e  t h e  t i m e  of r e p a i r .  On  
p a s s  843,  t h e  pseudo-  r e s i d ~ i a l  progralm indicated a 
high dopple r  n o i s e  of 0 .  050 Hz i n s t e a d  of the  nor?.- 
ina l  n o i s e  of 0 .011  Hz. On p a s s  544, 3 S S  51 r c -  
p o r t e d  t h a t  t h e  1-MHz r e f e r e n c e  s igna l  frorri the  
F T S  t o  t h e  dopple r  r e s o l v e r  w a s  iou i l i  t o  5e dc- 
g r a d e d .  T h e  p r o b l e m  w a s  c o r r e c t e d  a t  1354 GM'l 
on p a s s  844. T h e  d a t a  f r o m  p a s s e s  8 4 2 ,  843, anc: 
844 ind ica ted  t h a t  t h e  two-way t r a c k i n g  dara per- 
cen tage  w a s  below t h e  DSN e s t a b l i s l ~ e d  non~il la!  
93% l e v e l ,  i . e . ,  90, 51.5,  and  81 .3 ,  respect i i -e!y.  
P a s s  847. A t  DSS 51, t h e  t i - a c i , ~ i - ~  (iata 
lnd lca ted  t h a t  t h e  s ta t lon  u s e d  a bad D C  ( 13553) 
f o r  one-way  d a t a  be tween  1244 and 162? The 
c o r r e c t e d  DCC (8150) w a s  m a d e  at 1633, aJld enc 
o n e - w a y  d a t a  w a s  r e c e l v e d  un t i l  1900 02, 
P a s s  851. DSS 5 1  w a s  unable  t o  l o c k  :hc 
D e m o d / s y n c  be tween  1030 and 1058. Afti.7. -bag.,- 
ing the  d e m o d u l a t o r  un i t ,  t h e  statcon was a b l e  to 
lock  t h e  t e l e m e t r y  d a t a  s t r e a m ,  aiid tb:? real-t.11nc 
t e l e m e t r y  d a t a  w a s  r e s u m e d  when thc ''-C:T; i ockc r t  
a t  1112. 
P a s s  868. DSS 51  r e p o r t e d  the  fc ,  cwrili  
a n o m a l l e  s : 
( 1 )  T h e  dopple r  r e s o l v e r  c 0 u ~ t i . r  w a s  f a ~ ~ r t y  
be tween  1032 and  105 1 ,  I! waq I cp:ac cd 
wlth a s p a r e  c o u n t e r .  
( 2 )  T h e  DCC (8140) w a s  i n c o r r e c t  frcln. l C L 5  
t o  1055 due  t o  a n  opera tor ' . :  i.1 I o - 
( 3 )  Due  t o  a n  A P S  f a i l u r c  at 1315 0 0 1 1 ~  i * { c  
t r a c k e d  In a l d e d  t r a c k  uiili! 13 i ' i  Tile 
A P S  r e t u r n e d  t o  s l a v e  moiic  f r o m  1310 
u n t l l  end of t r a c k  (1929) h o  .~- l sa lc r~ t  
r e a s o n  w a s  glven. 
T h e  n u m e r o u s  A P S  f a l l u r e s  a t  DSS 5 '  arid a' c t i r e l  
s l t e s  have  been  p laced  u n d c r  s tudy  by S P A  a n ?  
t h e  DSIF  s u b s y s t e m  engineer. 
P a s s  874. At  DSS 51, T C P  3 h a  1 13;oilrar- 
hangups  a t  1025 30, 1429. and 1530. Tot qtaf on 
swl tched  t o T C P  "A1'  a t  1601 55. An 1-1 e l  m i i  ont 
d o p p l e r  r e s o l v e r  c o u n t e r  probleim o c c ~  I c 1 
be tween  1123 and  1830. DSS 5 1  i s  live sf izat 75 
t h e  p r o b l e m .  
P a s s  877. DSS 51  w a s  unable  to  t~ r n a; ~i c 
transmitter be tween  1045 and 1356 b ~ c ; ~  se  'hi  
h e a t  e x c h a n g e r  p u m p  m o t o r  w a s  c'~-av~l~~q c z c  5 5  
c u r r e n t .  T h e  p u m p  m o t o r  w a s  r c p ~ a c e t r  
P a s s  881. At  DSS 51, the  t ra13sini i icr  r.iag:.let 
c i r c u i t  b r e a k e r  kicked off due  t o  low c:,c?laiit f low,  
T h e  f low w a s  e r r a t i c .  DSS 51  inc1icai:ed that the 
p r o b l e m  w a s  due  t o  t h e  p r e s e n c e  o f  aciti in !he 
t r a n s m i t t e r  coo lan t  g lyco l  ( a  n e w  type c1 giycol  
had  been  added) .  T h e  a c i d  a t t acked  the  rubber in  
t h e  coo l ing  s y s t e m ,  and  t r a n s m i t t e r  tri:>ping w a s  
due  t o  s m a l l  p i e c e s  of r u b b e r  b lock icg  the  flovr 01 
coolan t .  It wi l l  b e  n e c e s s a r y  t o  r e p l a c c  all r u b b e r  
p a r t s  and  p i p e s  belonging t o  t h e  cool ing syste1-11. 
P a r t s  r e p l a c e m e n t  i s  expec ted  t o  begin before  
D a y  133 when t h e  n e w  p a r t s  a r r i v e  at DSS 51. 
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P a s s  88_ At DSS 51, the T C P  p r o g r a m  
failed to  o u t p u t  data  between 1030:40 and 1033:44. 
Approxii11ately 3 min  of da ta  were  lost .  The  prob- 
ler,i of rubber  i n  the cooling sys t em continued and 
the trarisrnitter rr ipped off a t  114 1: 12 and 1244:2 1. 
P a s s  890. At DSS 61, the s e r v o  oil t empera -  
t u re  a l a rm tr ipped.  A broken cable f r o m  a phase  
[vise t o  the M-4 contac ter  caused an overload in 
phases  U and C when the heat  exchanger s tar ted .  
Two 30-A fuses  were  blown. This  action over-  
hcatecl the oil in the heat  exchanger,  and the 
ailtenria had to be stopped. DSS 61 replaced the 
hroiiei: cable anti blown fuses .  Th i s  problem 
caused lo s s  of t r ack  f r o m  1430 to  1515. 
P a s s  891. .At DSS 51, the t r a n s m i t t e r  t r ipped 
off. It was off f r o m  1107 to  1208. The heat  
exchanger coolant pump was overheating due to 
ex t r eme ly  hot outside t empera tu re .  
P a s s  891. At DSS 51, the t r ansmi t t e r  tr ipped 
off a t  1107:08 due to  the heat  exchanger fai lure.  
Because the coolant pump had overheated,  the 
t r ansmi t t e r  was off between 1107:OS and 12 15. 
P a s s  899. At DSS 51, the r ece ive r  dropped 
lock a t  1115:05 because  the opera tor  failed to un-  
lock the synthesizer before  tuning to the Track 
Synfrq. One-way was acquired a t  114 1. Approxi- 
ma te ly  26 m i n  of tracking data  was lost .  
7. Summary  of Operations by P a s s  Number.  
Table 10 p resen t s  the P ionee r  VIII operations for 
each pass  for the repor t ing  pe r iod (passes  567-931). 
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VII I .  PIONEER IX FLIGHT SUPPORT S U M M A R Y  
A.  S p a c e c r a f t  Pos i t ion  
Pioneer  I X  w a s  be ing  t r a c k e d  and supported 
156. 4 4  m i l l i o n  k m  f r o m  the  e a r t h  and 137. 30 m i l -  
l ion  k m  f r o m  t h e  sun  b y  t h e  DSN w h e n  t h i s  r e p o r t  
period on the  ex tended  f l igh t  phase began.  At  t h e  
c l o s e  o f  t h i s  r e p o r t  per iod ,  t h e  s p a c e c r a f t  w a s  
be ing  t racked  and supported 273. 59 m i l l i o n  k m  
f r o m  the  e a r t h  and 148. 16 m i l l i o n  k m  f r o m  t h e  
sun. 
B.  Support  P e r f o r m a n c e  
T h e  DSN s u c c e s s f u l l y  supported t r a c k i n g  and 
data acquis i t ion  f o r  P ioneer  IX dur ing  the r e p o r t -  
ing period. T h e  p e r f o r m a n c e  o f  t h i s  suppor t  w a s  
accompl i shed  us ing  t h e  2 6 - m - d i a m  antenna fac i l i -  
t i e s  and t h e  6 4 - m - d i a m  antenna fac i l i t y .  
C .  Engineer ing  and Owerat ions 
1 .  T r a c k i n g .  T h e  Pioneer  IX s p a c e c r a f t  w a s  
t r a c k e d  f o r  a  total  o f  2409 h  and 36 m i n  f r o m  
Ju ly  1 ,  1969 t o  Ju ly  1 ,  1970 ( p a s s e s  236 t h r o u g h  
6 0 0 ) .  During Ju ly  1969, b e c a u s e  o f  t e l e m e t r y  
threshold  condit ions at t h e  2 6 - m  antenna f a c i l i t i e s ,  
DSS 14 ( the  6 4 - m  antenna)  w a s  the  on ly  s ta t ion  t o  
t r a c k  Pioneer  IX.  DSS 14 w a s  h e a v i l y  c o m m i t t e d  
t o  suppor t  t h e  Apol lo  and Mar iner  P r o j e c t s  during 
t h i s  m o n t h ,  and as a  consequence  on ly  a  f e w  
P i o n e e r  IX p a s s e s  w e r e  t r a c k e d  i n  J u l y .  
In Augus t  1969, DSS 14 and DSS 42 t r a c k e d  
Pioneer  IX.  DSS 42 e x p e r i e n c e d  s o m e  periodic 
r e c e i v e r  o u t - o f - l o c k  ind ica t ions  due t o  low signal 
l e v e l  on  t h e  s p a c e c r a f t .  
During S e p t e m b e r  1969, i n  addi t ion t o  t h e  u s e  
o f  DSS 14 t o  t r a c k  Pioneer  I X ,  Stat ions 12, 4 2 ,  and 
61  w e r e  u t i l i z e d .  T h e  2 6 - m  antenna f a c i l i t i e s  had 
an  average  r e c e i v e d  s ignal  s t r e n g t h  o f  - 168. 5  
d B m W ;  w h e r e a s ,  the  6 4 - m  antenna f a c i l i t y  had an  
a v e r a g e  r e c e i v e d  s ignal  s t r e n g t h  o f  - 158. 5 d B m W .  
During October  and N o v e m b e r  o f  1969, P i o n e e r  
IX w a s  t r a c k e d  b y  the 2 6 - m  antenna f a c i l i t i e s .  No 
m a j o r  a n o m a l i e s  w e r e  r e p o r t e d  during t h i s  period.  
During D e c e m b e r  1969 and January  1970, 
P ioneer  IX w a s  t racked  b y  S ta t ions  12, 14, 4 2 ,  
and 61. A  waveguide  b y p a s s  w a s  ins ta l led  at DSS 
42.  T h i s ,  w i t h  the  3 - H z  loop and p o l a r i z e r ,  in-  
c r e a s e d  the  s t a t i o n ' s  suppor t  o f  P ioneer  IX. 
In F e b r u a r y  1970, P ioneer  IX w a s  t r a c k e d  e x -  
c l u s i v e l y  b y  DSS 12; i n  M a r c h  1970, the  t r a c k i n g  
w a s  shared  b y  S ta t ions  12 and 14. 
In A p r i l ,  M a y ,  and June 1970, P i o n e e r  IX w a s  
again t r a c k e d  b y  Stat ions 12 and 14, w i t h  no m a j o r  
h a r d w a r e  a n o m a l i e s  r e p o r t e d .  
F o r  m a t e r i a l  re la t ing  t o  f a c i l i t y  i m p r o v e m e n t s  
and t e s t s ,  s e e  Sec t ion  111-C. 
2. Doppler I n f o r m a t i o n .  F i g u r e s  132- 137 pre-  
s e n t  plots o f  the  doppler  b i a s  f o r  P ioneer  IX dur-  
ing J u l y - D e c e m b e r  1 9 6 9 .  A s  ind ica ted ,  dur ing  the  
f i r s t  t h r e e  m o n t h s  o f  t h i s  per iod ,  t h e  doppler  b i a s  
ranged f r o m  -0 .95  t o  - 1 .  15 Hz during J u l y ,  - 1.40 
t o  1 .  55 Hz during A u g u s t ,  and - 1 .  45 t o  - 1 .  93 Hz 
during S e p t e m b e r .  T h i s  low b ias  change indicazea 
tha t  t h e  s ta te  v e c t o r s  supplied w e r e  usel.ai f o r  pre-. 
dic t ions .  Changing b i a s  i n  D e c e m b e r  ( s e e  F i g ,  
137)  indicated a  need  f o r  a  n e w  state  v e c t o r  for- 
pred ic t ion  purposes .  P i o n e e r  IX w a s  triiclced ir? 
the  o n e - w a y  m o d e  b e t w e e n  p a s s e s  3C3 and 42C, 
A new pred ic t s  s e t  w a s  u s e d  f o r  trac!iir-tg, s t a r l i n ~  
on  pass 374 i n  N o v e m b e r .  A  change o f  approx i -  
m a t e l y  0. 5  H z  w a s  noted i n  t h e  t w o - w a y  dopplei: 
b i a s .  
F i g u r e s  138- 143 p r e s e n t  plots o f  thc Pioneer 
IX 1 - m i n  t w o - w a y  doppler  n o i s e  during Ju ly-  
D e c e m b e r  1969. During J u l y ,  the n o i s e  w a s  \vc11 
b e l o w  nominal  f o r  al l  p a s s e s  t r a c k e d .  T h e  doppler  
n o i s e  w a s  r e p o r t e d  as  nominal  or  below nomina! 
f o r  all p a s s e s  during August .  I-Iowever, no accu-  
r a t e  n o i s e  e s t i m a t e  could b e  m a d e  duri~ng p a s s e s  
283 t h r o u g h  286 f o r  DSS 42  b e c a u s e  the  r e c e i v e r  
w a s  out-  o f -  lock  a p p r o x i m a t e l y  50y0 o f  tile t i m e ,  
DSS 14 had 14 b lunder  points on pass 2.55, and i t  
w a s  d i f f i c u l t  t o  obtain an accura te  n o i s e  es t i rca te .  
During S e p t e m b e r ,  t h e  doppler  ~ i o i  se at 3 - H z  b a n i -  
w i d t h  w a s  on  o r  b e l o w  t h e  e s t i m a t e d  non>irra! valuo 
o f  0. 014 Hz .  Data indicated t h a t  t h e  s t n t i c ~ ~ s  per-  
f o r m e d  n o m i n a l l y .  T h e  doppler  no ise  a t  12-I--Iz 
bandwid th  w a s  above t h e  e s t i m a t e d  norninai va iue  
o f  0. 017. T h e  doppler  n o i s e  at 3-H7 bai~dmidt l i  
w a s  o n  o r  be low t h e  e s t i m a t e d  nominal  v a l u e  o f  
0. 013 Hz dur ing  t h e  l a s t  q u a r t e r  01 1969. All s ta -  
t i o n s  t rack ing  P i o n e e r  IX during t h i s  period per-  
f o r m e d  n o m i n a l l y .  During Noveimber,  120 data 
w a s  plotted a f t e r  pass  374 b e c a u s e  t h e  pseudc-  
r e s i d u a l  p r o g r a m  w a s  not r u n  b y  the  iletvgorli 
a n a l y s i s  t e a m  due t o  t ra in ing  and r e c r g a i ~ i z a t i o n  it; 
t h e  DSN. 
F i g u r e s  144- 149 show t h e  Pioneer  TX sigilai- 
t o - n o i s e  r a t i o  plots f o r  July-  D e c e m b e r  i969. D u r  - 
ing J u l y ,  t h e  a v e r a g e  SN4 (dB m a r g i n  above r e -  
c e i v e r  t r a c k i n g  t h r e s h o l d )  w a s  15. 8 d B ,  c x c e p t  f o r  
pass 244,  w h i c h  w a s  14. 5  dB.  During A u g u s t ,  
DSS 42  swi tched  b e t w e e n  3 -  and 12-13z balldwicith 
i n  t r a c k i n g  Pioneer  IX.  T h e  dev ia t ion  i n  the SKI? 
m e a s u r e m e n t s  f r o m  pass  t o  pass  averaged 1 dB, 
T h e  dev ia t ion  w a s  m o s t  no t iceable  wl~er i  D S S  32. 
u s e d  the  3-Hz bandwid th  f o r  t r a c k i n g .  'The 3NR z~r 
DSS- 14 w a s  r e l a t i v e l y  cons tan t  during t h i s  pcrioc!. 
During S e p t e m b e r ,  DSS 12 t r a c k e d  at 3-  H e  band-  
w i d t h  and the  calculated SNR w a s  1ioini1?~.1 o r  above 
n o m i n a l  e x c e p t  f o r  pass  309. T h i s  dev ia t ion  \:/as 
w e l l  w i t h i n  t h e  t o l e r a n c e  (*2 d B )  o f  t h e  nieasv,i-e- 
m e n t  and ca l ibra t ion  o f  t h e  3 -Hz  conf ig i l i  ation. 
DSS 41  t r a c k e d  a t  12-Hz bandwidth and tho  ca icu-  
lated SNR w a s  above  t h e  nominal  c u r v e  tha t  indi-  
ca ted  a  nominal  p e r f o r m a n c e .  During Cctober  
and N o v e m b e r ,  t h e  e s t i m a t e d  nominal  S N R  w a s  
ca lcu la ted  f o r  t h e  3- and 12-Hz ban&.ii~iclt:il. Sta- 
t i o n s  12; 4 2 ,  and 61 swi tched  back  and fort11 h c -  
t w e e n  3- and 12-Hz bandwid th  i n  t r a c k i n g .  The 
dev ia t ion  i n  t h e  SNR m e a s u r e m e n t s  frorrl isass to  
pass  averaged  2  dB.  T h e  w i d e  dev ia t ion  w a s  b e -  
l i eved  a  r e s u l t  o f  i n a c c u r a c y  i n  m e a s u r e m e n t  t e c h -  
n iques .  During N o v e m b e r ,  the  S N R  w a s  be low tila 
t h e o r e t i c a l  v a l u e s  f o r  all  p a s s e s ;  a s  much a s  4 - d E  
dev ia t ion  w a s  noted f o r  DSS 12. h?any r e c e i v e r  
s w i t c h e s  w e r e  b e l i e v e d  c a u s e d  b y  thc  lo-x SXR o f  
all  s ta t ions .  During D e c e m b e r ,  the  e s t i i ~ l a t e d  
nominal  SNR w a s  calculated f o r  3-Hz bar id wid",^, 
al l  s i t e s  u s i n g  a  3-Hz bandwid th  e x c e p t  DSS 14, 
w h i c h  u s e d  a  12-Hz bandwidth.  T h e  r a t i o  ' o r  m o s ~  
JPL T e c h n i c a l  M e m o r a n d u m  33-426 ,  V o l .  IX 
passes  .A.SS 1)clow the  t h e o r e t i c a l  v a l u e ;  t h e  pre- 
c!~c;ecl sig!-ial l e v e l  w a s  a p p r o x i m a t e l y  3  d B  b e t t e r  
L!iar~ the  a::cua! r e c e i v e d  s ignal .  
3. 'i'c l::.:nctry A n a l y s i s .  T h e  qual i t y  o f  r e a l - t i m e  
-- -- 
tc.lerriexry Is ind ica ted  b y  pari ty  e r r o r  r a t e  ( P E R ) .  
'The P E R  i s  obtained f r o m  the  eng ineer ing  t e l e m -  
i.lry d a t a  ;>rintout.  A  P E R  o f  0. 116 i s  equ iva len t  
t o  one c r r o r  in iOOO c o n s e c u t i v e  b i t s  o f  i n f o r m a -  
A , r o ~  . anti i s  r : ,garded  a s  t h e  l imi t ing  va lue  f o r  t h e  
~ ~ r ~ c o d e c '  convolu t ion-coded  un i t  m o d e s  o f  oper -  
-. . 
acion. r rgui-es i50-  152 p r e s e n t  t h e  pari ty  e r r o r  
:ati.s, with applicable b i t  r a t e  m o d e s ,  f o r  P i o n e e r  
ZX f o r  3 c i o b r . r - D e c e m b e r  1969. During t h i s  per-  
. , ioc:, i l l -  z r r o r  r a t e  did not e x c e e d  t h e  t h r e s h o l d  
Tor good tcleni ixtry  f o r  any  o f  the  s tat ions tha t  w e r e  
t rack ing  F21 oliccr r  IX. 
4 ,  Prexdictr:i F r e q u e n c y  P e r f o r m a n c e .  F i g u r e s  
-. - 
1 5 3 -  154 i l i u s t r a t e  predicted f r e q u e n c y  and actual  
fv'quelicy obtained during the  f i r s t  h a l f  o f  the  r e -  
c o r r i n ~  pcriod. 
Tllc July ciata, showing predicted and actual  
d r i v e r  irequcancy c u r v e s ,  ind ica te  tha t  f r e q u e n c y  
ol iservat ions l ie  w i t h i n  250 Hz a t  S-band leve l  and 
ti.ithiil np:,ro>:iimateiy 2. 4  Hz at the V C O  l e v e l .  
During Ad:u:,t, the data a p p e a r s  t o  fo l low the  pre-  
clicteci c u r v e  wi th in  500 H z  at S-band l e v e l  ( F i g .  
' ' i 4 j "  i h r i n g  S e p t e m b e r ,  the  actual  data fol lowed 
.i-!rc prcclictecl cv.rve u7ithin 300 Hz a t  S-band l e v e l  
( F i g .  155). Duriiig October  and N o v e m b e r  ( F i g s .  
1 56: 1 5 7 ) ,  the  actual  data fo l lowed  the  predicted 
cTL~t:\/c 1iit1:in 2 0 3  Hz a t  S-band l e v e l .  During 
D : ~ c i . ~ ~ i l ~ c - r  ! F i g . P 5 8 ) ,  the  actual  data fo l lowed  the  
r)rcrlictcci c u r v e  wi th in  100 H z  at S-band l e v e l .  
Fi,&uri.s 153- 164 i l l u s t r a t e  channe l  7  b e s t - l o c k  
Creclueiicy plots lor Ju ly  t h r o u g h  D e c e m b e r ,  r e -  
specti\-ely. Xo ciata point m e a s u r e m e n t s  w e r e  
rnac!e on channcl  6 ,  r e c e i v e r  1 ,  during th i s  period. 
i 1 ; l : i n ~  .j,.i!)- and .August,  all data points w e r e  wi th in  
5 J i i  oi pri.ciictions: during S e p t e m b e r ,  w i t h i n  10 
I - i i  of ~xre.clictiolls. T h e  f r e q u e n c y  data during 
October  a p l ~ e a r c d  t o  b e  w i t h i n  20 Hz o f  the pre-  
d.clccl v a  l:ic ( F i g .  162) .  During N o v e m b e r  (Fig .  
163). t:hr irecjuci-ic)r data w a s  w i t h i n  10 Hz o f  the  
;~r.cclictrtL ;-aluc, A s  shown on Fig. 164, the  f r e -  
;ucncy : !a~z lor  the rrlonth o f  D e c e m b e r  1969, ap- 
p<.a?-cri :;o b e  wi th in  30 Hz o f  t h e  predicted va lue .  
5 .  -- P r e d i c t s  a~icl C o ~ i ~ r n a n d s .  P r e d i c t s  generated 
iror?; Ju ly  j t o  J z n u a r y  1 ,  1969 a r e  presen ted  i n  
T a b l e  11. P r e d i c t s  f o r  t h e  r e m a i n d e r  o f  t h e  r e -  
pc;riing ~ ~ c r i o c l  a r e  not avai lable .  A total  o f  2897 
corr;ri~al~tls hnct been  s e n t  t o  P ioneer  I X  f r o m  J u l y  1 ,  
l069, thi-i;vgil June 1970. T h e  c u m u l a t i v e  total  o f  
coiui.manc!s sen t  to  P ioneer  I X  b y  the  end o f  June 
1'373 \.:as 6 5 5 5 .  
5. P a s s  Chron3:.ogy. A n o m a l i e s  w h i c h  o c c u r r e d  
cluring t h e  reporting period a r e  l i s t e d  h e r e  b y  pass  
n~1.1ril~rr. A pass n u m b e r  i s  d e f i n e d  a s  the  n u m b e r  
o f  t l l n e s  sl:lce launch  tha t  the s p a c e c r a f t  h a s  b e e n  
above tile h o r i z o n  o f  a  part icular s tat ion.  
P a s s  250. At 1717:lO the  antenna at DSS 14 
-- 
w e n t  t o  brakt  b c c a u s e  o f  low f i l m  he igh t  on  Pad 2. 
'The r c c e ~ x - c r  clropped lock  at 1717:40. T h e  low 
i i l i n  heigIht i cd ica t ion  w a s  caused  b y  a  p r o b l e m  i n  
i l ~ s t r u n l e n i a t ~ o n .  T h e  s ta t ion  r e t u r n e d  t o  n o r m a l  
:>lwrat ion at 1 8 0 5 .  
P a s s  283. T h e  r e c e i v e r  at DSS 42  w a s  out-  
o f - l o c k  f o r  m o r e  t h a n  50% o f  t h e  t r a c k i n g  t i m e .  
T h e  po lar i zer  w a s  o p t i m i z e d  but  did not e l i m i n a t e  
the  r e c e i v e r  f r o m  dropping lock.  T h e  s ta t ion  
swi tched  b a c k  and f o r t h  b e t w e e n  3- and 12-Hz 
bandwid th  during t h e  pass .  No accura te  e s t i m a t e  
o f  t h e  doppler  no ise  could b e  m a d e .  
P a s s  284. T h e  r e c e i v e r  1 threshold  w i t h  3 - H z  
bandwid th  w a s  r e c o r d e d  as - 172.4 d B m W  a s  c o m -  
pared t o  a  nominal  v a l u e  o f  - 178 d B m W  at DSS 42.  
T h e  r e c e i v e r  w a s  0u. t -of- lock f o r  Inore t h a n  507'0 
o f  the t rack ing  t i m e .  No accura te  e s t i m a t e  o f  the  
doppler  n o i s e  could b e  m a d e .  
P a s s  285. DSS 42  r e c e i v e r  threshold  w i t h  
3 - H z  bandwid th  m e a s u r e m e n t  w a s  nominal .  T h e  
r e c e i v e r  1 loop phase de tec tor  w a s  r e p l a c e d .  
R e c e i v e r  2  w a s  o u t - o f - l o c k  f o r  m o r e  than  5070 o f  
t h e  t r a c k i n g  t i m e .  No a c c u r a t e  e s t i m a t e  o f  the 
doppler  n o i s e  could b e  m a d e .  DSS 14 had 31 b lun-  
d e r  points and r e c e i v e r  g l i t ches .  No anomaly  w a s  
r e p o r t e d  b y  t h e  s tat ion.  A c l o s e r  look at t h e  data 
i s  under  s tudy  t o  d e t e r m i n e  the a r e a  caus ing  t h e  
b lunder  points ,  including the  pseudo-res idual  pro-  
g r a m  used  i n  the  SFOF at J P L .  On the  p a s s ,  a  
pinhole h y d r a u l i c  o i l  l e a k  o c c u r r e d  i n  t h e  antenna 
H A  high-  speed f i l t e r  m a n i f o l d .  
P a s s  316. Eight  m i n  o f  t e l e m e t r y  data w a s  
l o s t  at DSS 12 b e c a u s e  o f  a  b lown f u s e  i n  the  t e l e m -  
e t r y  and c o m m a n d  p r o c e s s o r  c o m p u t e r .  
P a s s  312. T h e  DSS 12 s y n t h e s i z e r  fai led b e -  
c a u s e  o f  the  5th d ig i t  i n  the  t e n s  co lumn.  DSS 12 
swi tched  f r o m  t h e  5 t h  t o  the  6 th  d ig i t  i n  t h e  t e n s  
c o l u m n ,  t h e r e b y  changing the  f r e q u e n c y  f r o m  8652 
t o  8662. 
P a s s  319. F r o m  1330 t o  1 5 1 0 t h e  da taco i id i -  
t i o n  code w a s  f lagged w r o n g  at DSS 12. No c o r -  
r e c t i o n s  w e r e  m a d e  i n  t h e  t rack ing  data p r o c e s s o r  
b e c a u s e  o f  the  inabi l i t y  o f  t h e  s y s t e m  t o  change t h e  
data condit ion code o v e r  a  t i m e  i n t e r v a l .  A f t e r  
t h e  c o m p l e t i o n  o f  t h e  data t r a n s f e r  t e s t .  13 s a m p l e s  
o f  data w e r e  l o s t  due t o  t r a c k i n g  and data handling 
s u b s y s t e m  punch 1 garble .  Punch  1 w a s  rep laced  
w i t h  a  s p a r e .  
P a s s  323. F r o m  1958 t o  2024,  t h e  t r a n s m i t t e r  
V C O  f r o m  t h e  TDH s u b s v s t e m  w a s  inval id at DSS 
42 .  T h e  TDH s u b s y s t e m  t r a n s m i t t e r  V C O  counter  
w a s  rep laced  w i t h  a  spare .  T h e  s t r i p  c h a r t  r e -  
c o r d e r  f o r  the  s y s t e m  n o i s e  t e m p e r a t u r e  w a s  down 
f r o m  t h e  beginning o f  pass  323 un t i l  1540 at DSS 12. 
T h e  p r o b l e m  w a s  found t o  b e  w i t h  the  ink w e l l .  
N u m e r o u s  r e c e i v e r  gl i tches occur  red  throughout  
t h e  pass .  
P a s s  324. A t  DSS 12, t h e  t r a c k i n g  data pro- 
c e s s o r  ground r e c e i v e r  AGC and S P E  printouts  
w e r e  e r r o n e o u s  throughout  the  pass .  T h e  f i r s t  
h a l f - h o u r  o f  t r a c k  t i m e  w a s  u s e d  t o  o p t i m i z e  t h e  
po iar i zer .  T h e  e x c i t e r / s y n t h e s i z e r  z e r o - d e g r e e  
d y n a m i c -  phase-  e r r o r  dev ice  w a s  gl i tching ( u p  t o  
1 V ) .  I t  appeared  tha t  poor ground ,  a  l o o s e  c a b l e ,  
o r  a  bad s y n t h e s i z e r  w a s  t h e  c a u s e  o f  t h e  problem.  
P a s s  325. DSS 12 l o s t  s tat ion power w h i l e  
swi tch ing  f r o m  d i e s e l  t o  c o m m e r c i a l  power on  U 
b u s ,  losing up l ink  a t  1342. T h e  s y s t e m  n o i s e  t e m -  
pera ture  w a s  h i g h e r  than  n o r m a l  toward  t h e  end o f  
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t h e  pass.  Twen t y -one  m i n  o f  data w a s  los t .  An  
inves t iga t ion  r evea l ed  that  the  a i r  condit ioner w a s  
o f f .  T h e  cone and deck  house  t e m p e r a t u r e  w a s  
313 OK. New plant main tenance  personnel  now a r e  
t ra ined  t o  u s e  the  procedures  i n  phasing power 
c i r cu i t s .  
P a s s  326. T h e  signal l eve l  at  DSS 61 w a s  3  
t o  4  dB be low t h e  predicted va lue  at DSS 6 1 .  T h e  
predicted signal l e ve l  w a s  - 165. 9  d B m W ,  bu t  t h e  
s tat ion had a  range  o f  - 168. 5  t o  - 169. 5  dBmW.  
T h e  par i ty  e r r o r  ra t i o  r a n  cons i s t en t l y  bad. 
P a s s  328. DSS 12 acquired the  spacecra f t  ap- 
prox imate ly  32 m i n  late  because  t he  one -way  dop- 
pler  had changed b y  780 Hz be tween  t he  prior pre-  
d ic t s  s e t  and t h e  new predicts  se t .  T h e  s tat ion 
w a s  not  no t i f i ed  o f  t h i s  change and took t he  32 m i n  
searching f o r  t h e  spacecra f t .  
P a s s  329. R e c e i v e r  1 w a s  inopera t ive  owing 
t o  a  s tuck  at tenuator ( 4 A 3 l l ) .  T h e  acquisi t ion w a s  
delayed f o r  approx ima te l y  1 h .  R e c e i v e r  2  w a s  
u sed  as  pr ime .  
Pas s  336. T h e  s p a c e c r a f t  w a s  acquired 10 
m i n  l a t e r  than scheduled because  o f  antenna pre-  
l i m i t s  cons tra in ts .  Rece i ve r  1 had noise  problems  
w h i c h  caused r e c e i v e r  and T C P  gl i tches.  T h e  sta-  
t i on  switched t o  r e c e i v e r  2  a s  pr ime  r e c e i v e r u s i n g  
t he  3-Hz bandwidth. 
P a s s  348. T h e  t r a n s m i t t e r  t u rn -on  w a s  de-  
layed f o r  10 m i n  owing t o  a  400-Hz power f a i l u re  
just prior t o  acquisi t ion.  T h e  t r a n s m i t t e r  t u rn -on  
w a s  f u r t h e r  de layed ,  w i t h  ARC concur rence ,  t o  
op t im i ze  t he  po lar i zer .  T h e  ground r e c e i v e r  AGC 
on  engineer ing  data had changed f r o m  2. 6  t o  1. 9  V 
w i t h  no  change i n  t he  s t a t i on ' s  signal l e ve l .  T h i s  
s i tuat ion had b e e n  a  r ecur r ing  p rob l em  at DSS 12. 
P a s s  349. T h e  exper imen ta l  conf igura t ion  
w a s  al ternated hour l y  w i t h  P1 / D l  / B 3  conf igura t ion .  
A 3-dB a m p l i f i e r  w a s  introduced be tween  t he  r e f -  
e r e n c e  10-MHz phase de tec tor  and t he  3-Hz  t r a c k -  
ing loop f i l t e r .  T h e  t rave l ing  w a v e  m a s e r  ( T W M )  
1 gain w a s  39 dB  w i t h  t he  m a s e r  compensa t i on  
at tenuator being at  39 dB .  
P a s s  359. At 1429:35, the  s tat ion l o s t  all 
power;  c o m m e r c i a l  power w a s  back  up at 1432, 
bu t  the  400 -Hz  t r a n s m i t t e r  power w a s  down until  
1610. T h e  t i m e  r e f e r e n c e  w a s  r e s e t  t o  W W V  at  
1645. 
P a s s  361. A t  1348, t h e  antenna decl inat ion 
angle drove  o f f  point. T h e  s tat ion w a s  back  on 
point at  1429. A t  2107:30, t he  Datex drove  o f f  ap- 
p rox ima te l y  2  deg. T h e  p rob l em  w a s  inves t iga ted .  
P a s s  362. At 1313:03, t h e  Datex caused  t h e  
antenna t o  d r i ve  o f f  point. T h e  antenna w a s  back  
on  point at  1317. At 1824:25, t he  antenna drove  
o f f  point i n  the  decl inat ion angle ,  causing l o s s  o f  
upl ink and downlink. T h e  antenna w a s  back  on  
point a t  1840. DSS 12 inves t iga ted  t h e  problem.  
P a s s  363. DSS 12 w a s  approx ima te l y  33 m i n  
late  in locating t he  downlink s ignal .  T h e  s y s t e m  
no i s e  t e m p e r a t u r e  w a s  o v e r  100°K during the  
a t tempted  acquisi t ion.  T h e  stat ion w a s  unable t o  
duplicate t he  s i tuat ion during main tenance .  
P a s s  369. F r o m  2:00 t o  2145,  the  :?SS 12 
d i s c r im ina to r  commun ica t i ons  u s e r  conver t e r  carcl 
caused  e x c e s s i v e  d i s tor t ion  i n  the tracl i iny data 
sen t  t o  t he  SFOF. T h e  data w a s  replayed s11c1 none 
w a s  los t .  
P a s s  380. DSS 12 acquired Fioneer  1IX ap- 
p rox ima te l y  14 m i n  late  due t o  precalibra15on d i f -  
f i cu l t i e s .  T h e r e  w a s  a  4 -dB  e r r o r  i n  the: recei1~-er 
t h re sho ld .  DSS 12 had numerous  rccei\rer glitclies 
during t r a c k  unt i l  t h e  r e c e i v e r  V C O  w a s  ci:angi>i' 
at  1842:34. 
P a s s  391. A t  DSS 4 2 ,  no r e c e i v e r  tli!:csbclii 
data was  obtained during pre track  ASC ca1ibcz.- 
t i ons .  T h e  problem w a s  investiga.ted. l?uri:ig 
pos t t rack ,  t he  r e c e i v e r  threshold  v a l ~ e s  \irere 
nominal .  T h e  T C P  and decoder  w e r e  out-. of- lo;!% 
at t i m e s ,  w i t h  h igh  pari ty  e r r o r s  towarc! e n d - o f -  
t r a c k .  T h e  r eason  w a s  unknown.  
P a s s  391. A t  DSS 12, Iroln s t a r t  ci t rack  > c  
1541. r e c e i v e r  2 had e x c e s s i v e  b i t  e r r o r  ra t e .  
DSS 12 switched t o  r e c e i v e r  1, but  ti?( TV f 3 L  7 
LOCK ~ n d l c a t o r  had a  malfunction. T h e  13: s b l ~  71
w a s  cor rec t ed  at 1655. T h e  causc  \ r rz s  
inves t iga ted .  
P a s s  393. A t  DSS 12, Standavas I ?'I ' t t z r u c c l  
R S L -  1 b y  1 m s  during t r a c k .  Because  r f I e c c n  I 
gl i tches ,  t h e  doppler e x t rac to r  w a s  u s e r  on 1-c - 
c e i v e r  2  be tween  1620 and 1640. 
P a s s  399. At DSS 12, t he  m a s e r  con jp re s sor  
showed low oil p re s sure .  Data w a s  lost d u r i n g  
c o m p r e s s o r  swap be tween  1810 anc; 19C3, T r a c ? ~  
w a s  t e rm ina t ed  at  2005 because  o f  173;1ser 
contamination.  
P a s s  401.  At DSS 12 ,  t he  transi-iitrer hici,cd 
o f f  on a t tempted  t u rn -on  at 1415. Tile a n l c n n a  
w a s  o f f  point at  zen i th  t o  c o r r e c t  prohle~1i kchvc.c.11 
1422 and 1442. T h e  r e c e i v e r  w a s  l-iacli in iock a! 
1445. 
P a s s  422.  A t  DSS 14, t e l en l c t r y  d?~,, \\as 
l o s t  f r o m  1229 t o  1622. T h e  Der? -o~1 /5~rc  \& oulr' 
not  lock onto the  t e l e m e t r y  s trearc nor (>;,to thc 
data f o r m a t  generated b i t  s t r e a m .  ATti i 2 sp?--c 
Demod /Sync  uni t  w a s  i n s ta l l ed ,  thc Ccircrr  :ocl\i tl 
u p ,  allowlng t h e  T C P  t o  lock .  T h i  D S S  13 s y i ' c i ~  
no l s e  t e m p e r a t u r e  r e c o r d e r  w a s  t iov~i d a  -1 ~g LIIC 
en t i r e  pass f o r  r e p a i r s ;  c o n s e q u e n ~ l y ,  n o  . y i t c n ~  
t e m p e r a t u r e  readlngs  w e r e  taken .  
P a s s  426. DSS 14 acquired the  s ~ a c e c r a i l ;  i n  
s e r v o  p rec i s i on  m o d e  I1 because  the  ! i r i r i~ary  ;iut:o 
col l imator  fa i led .  T h e  spacecra l t  w a s  i n  t h i s  
m o d e  f r o m  1546:42 unti l  1611:15. At ! h ! l : 1 5 ,  
DSS 14 wen t  t o  s e r v o  prec is ion  m o d e  I 
(TFR-151053 ) .  
P a s s  441.  At DSS 14, the  DF 1 2 0  "X" Ira:>:e 
r e q u e s t  apparent ly  put the  T C P  into sn i i ~ t c rna l  
loop ,  and i t  would not  accept  any f u r the r  " Y ' '  
f r a m e  r e q u e s t s  be tween  1715 and 1747:57. Aftel- 
repeated  in i t ia l i za t ion  o f  t h e  DO1 5021 O F  coi??- 
puter p rogram,  the  T C P  returned t o  norma l .  At 
1923:30, t he  T C P  program ceased outputting. 
P a s s  453. A t  DSS 12, t he  TDEI ir~clrc ated a 
data condit ion code (DCC)  o f  8150 i- ir twec~i  1753 
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anrl  1iO7. The DCC should have  b e e n  8140. T h e  
' I C P  UOL 5021-OP c o m p u t e r  p r o g r a m  s a m p l e d  t h e  
can~rr:ai~.ds dial#-d i n  on t h e  t h u n ~ b w h e e l  i n s t e a d  of 
the conrrriailds ~ r a n s m i t t e d .  In addi t ion t o  the  c o m -  
pu te r  j~roblerr i ,  the  r e c e i v e d  s i g n a l  s t r e n g t h  w a s  
- , -  bl~j..v:~ i iy  a ~ ~ p r o s i m a t e l y  3 dBmW. T h i s  c a u s e d  deg-  
~ a d a t i o i ?  ol d a ~ a .  DSS 12 could  not loca te  t h e  p o l a r -  
IZ- r  pri:dic:ioils and  did not  o p t i m i z e  t h e  p o l a r i z e r  
10 r c ~ e i v c  z b e t t e r  s i g n a l  s t r e n g t h  dur ing  t h e  p a s s .  
r ' a s i  J h l .  DSS 12 had  a  dopple r  r e s o l v e r  
I>, oblcnl  b e ~ w t e n  1329 and  1426, caus ing  h i g h  n o i s e  
i~ thi do ~ p l e r  clata. T h e  p r o b l e m  w a s  c l e a r e d  b y  
s c ~ j ~ ~ l l n g  th r  t r i g g e r i n g  leve l  of the  dopple r  r e -  
5 0 J f l C  L c(,L,PceI s .  
P a s s  465. DSS I 2  had  e r r a t i c  dopple r  r e s o l v e r  
n r in tcu ts .  The s ta t ion  r e a d j u s t e d  t h e  dopple r  r e -  
solver c o u n t e r  t r i g g e r i n g  l e v e l  and  t h e  d r i f t  of i t s  
o s c i i i a t o r  b y  c o m p a r i n g  i t  t o  t h e  f r e q u e n c y  s t a n -  
:!arcl, 'Traciiirlg d a t a  w a s  l o s t  f r o m  1842 t o  1855. 
>as- 467. At DSS 12, the TDH e x c i t e r  V C O  
rountc '  w a s  rtlissing the  r e s e t  pu lse  g e n e r a t e d  b y  
the PC- 131 p r o g r a m m e r .  T h e  e x c i t e r  VCO p r i n t -  
c?ut w a s  i.r-roneous f r o m  1715:31 t o  1956:44. A 
r-ever-stcl c a b l e  a p p a r e n t l y  c a u s e d  t h e  p r o b l e m .  
'The cabl i .  \i.as r e v e r s e d  d u r i n g  main tenance .  
P a s s  479. DSS 12 w a s  unable  to  m a i n t a i n  lock  
wiCh reoc ivr . r  1 be tween  1330 and 1433:52 GMT. 
'p ' 
:ie ;cce!ver  1 VCO w a s  found t o  b e  no isy  and w a s  
r t .placcd .with a s p a r e .  T r a c k  w a s  de layed  approxi -  
:liate!y J(: rr:in. R e c e i v e r  lock o c c u r r e d  a t  1410. 
P a s s  481. DSS 14 a c q u i r e d  P i o n e e r  IX on 
channe j  7  a t  11.32 us ing  r igh t -hand  c i r c u l a r  p o l a r i -  
zatioli  i n s  tend of l i n e a r  po la r iza t ion .  A t  1434 t r a c k  
w a s  terlminateti  t o  s w i t c h  t o  t h e  l i n e a r  p o l a r i z a t i o n  
nlsde. Tile an tenna  w a s  back  on point  a t  1446:3 1, 
z n d  the r e c e i v e r  w a s  i n  lock  a t  1447, l i n e a r l y  po- 
i a r i z e d ,  T h i r t e e n  mill of t r a c k i n g  t i m e  w a s  los t .  
DSS 14 c?:<pec-ienced a  p robabi l i ty  e r r o r  of 0. 0015. 
Yo rcaso!i coulci b e  found f o r  t h e  d e g r a d a t i o n  of 
tclemetr-y dxta, DSS 14 w a s  down d u r i n g  F e b r u a r y  
i 9 7 3  lo: i x ~ a ~ n t e n a n c e  and modi f ica t ions .  
P a s s e s  -- 483, 486 ,  and  487. DSS 14 e x p e r i e n c e d  
lrig!: p robabi l i ty  e r r o r s .  No r e a s o n  could b e  found 
Iar thr tli.grnc1ation of t e l e m e t r y  da ta .  
P n s s  487. I n c o r r e c t  dopple r  r a t e  w a s  r e -  
cclveci f ro in  DSS 14 be tween  1327:35 and 1338. 
3 'hr  s t a t i o n  c o r r e c t e d  the  p r o b l e m  b y  us ing  the  
r i g h t  t r a c k  syi ichronous f requency .  No t r a c k i n g  
tiat; w a s  ; (>st .  
P a s ,  495. At DSS 14, the T C P  DO1 5021- 
O P - A  c o i  )nl*teY p r o g r a m  fa l led .  When b r e a k p o i n t  
3 W Z L .  3i.L t ior  S tanford  t e s t  da ta ) ,  t h e  s c i e n c e  d a t a  
~ I I C , J U L  o  t'hr T C P  sk lpped  e v e r y  o t h e r  f r a m e  and  
lrre da'a * e11" rrco a  loop. Approximate ly  15 m l n  
o' t li. 73c t *  y d a t a  w a s  l o s t  d u r l n g  th i s  p a s s .  
P a s s  497 .  At 1440, the  T C P  DO1 5021 O P - A  
cor-r:pu:cr p r o g r a m  s t a r t e d  de le t ing  e v e r y  o t h e r  
Iral-rrc of s c i e n c e  d a t a  i n  t h e  a lpha  c o m p u t e r ;  DSS 
1.4 loac!zd pr: jgrarn 5014 i n  the o p e r a t i o n a l  b e t a  
co:;~.puter. ;mi! p r o g r a m  5015 i n  t h e  d e c o d e r  p e r  
p rcv ious  i n s t r u c t i o n s .  A p p r o x i m a t e l y  20 m i n  of 
t e l c r n e t r y  d a t a  w a s  los t .  At  2153, t h e  T C P  a l p h a  
c . j rnputer  wou!tl not a c c e p t  the  DO1 5021 O P - A  
c o m p u t e r  p r o g r a m .  T h i s  anonla ly  o c c u r r e d  a f t e r  
s e v e r a l  h o u r s  of loading,  r e l o a d i n g ,  and changing  
T C P  p r o g r a m s .  
P a s s  505. DSS 14 a c q u i r e d  P i o n e e r  IX 10 
m i n  l a t e  b e c a u s e  t h e  an tenna  h o i s t  guy r o p e  w a s  
tang led  on the  w a t e r  l ine .  T h i s  p r o b l e m  c a u s e d  
t h e  an tenna  t o  go t o  e m e r g e n c y  s top.  T h e  r o p e  
w a s  un tangled  and  t h e  an tenna  m o v e d  to point.  
Acquis i t ion  w a s  a t  1316:55. Be tween  1317 and 
1326:14, n o  t e l e m e t r y  d a t a  w a s  r e c e i v e d  by  DSS 
14 b e c a u s e  the  T C P  w a s  loaded  with a n  i n c o r r e c t  
p r o g r a m .  A p p r o x i m a t e l y  9 m i n  of t e l e m e t r y  d a t a  
w a s  lost .  
P a s s  507. DSS 14 e x p e r i e n c e d  h i g h  n o i s e  
b u r s t s  f r o m  1914:43 t o  1922:19. T h e  h igh  n o i s e  
w a s  b e l i e v e d  c a u s e d  b y  t r a n s m i t t e r  s p i k e s  feed ing  
i n t o  the  r e c e i v e r .  T h e  t r a n s m i t t e r  p o w e r  w a s  
r e d u c e d  f r o m  20 to 10 kW a t  1917:40 and f r o m  10 
t o  5 kW a t  1922:19. A t  1940:10, t h e  t r a n s m i t t e r  
p o w e r  w a s  i n c r e a s e d  t o  10 kW and a t  1941:15 t o  
20 kW. T h e  t e l e m e t r y  d a t a  w a s  i n t e r m i t t e n t  f o r  
a p p r o x i m a t e l y  6 m i n .  T h e  a v e r a g e  dopple r  n o i s e  
f o r  t h e  p a s s  w a s  0. 013 Hz. T h e  a v e r a g e  p r e d i c t e d  
n o m i n a l  n o i s e  w a s  0. 0  10 Hz. 
P a s s  511. DSS 14 had  T C P  s p u r i o u s  i n t e r -  
r u p t s  s t a r t i n g  a t  1408:16. T h e  T C P  "B" c o m p u t e r  
s t a r t e d  sk ipp ing  f r a m e s  and w a s  r e l o a d e d  4 t i m e s  
wi thout  c l e a r i n g  t h e  p r o b l e m .  T h e  s t a t i o n  
swi tched  to t h e  T C P  "A" c o m p u t e r  a t  1413. 
E i g h t e e n  m i n  of t e l e m e t r y  d a t a  w a s  los t .  The T C P  
"B" c o m p u t e r  p r o b l e m  is  a r e o c c u r r i n g  p r o b l e m  
a n d  i n v e s t i g a t i o n s  of t h e  p r o b l e m  continued.  
P a s s  513. DSS 14 r e l o a d e d  t h e  T C P  "B" c o m -  
p u t e r  4  t i m e s  i n  a t t e m p t s  to  s top  t h e  sk ipp ing  of 
d a t a  f r a m e s .  S ta t ion  swi tched  t o  the  T C P  "A" 
c o m p u t e r  a t  1447. A p p r o x i m a t e l y  30 m i n  of 
t e l e m e t r y  d a t a  w a s  l o s t .  T h e  T C P  "B" c o m p u t e r  
p r o b l e m  i s  be ing  inves t iga ted .  
P a s s  515. T h e  s y s t e m  t e m p e r a t u r e  a t  DSS 14 
r o s e  t o  a  peak  of 150°K. T h e  r e c e i v e r  w a s  gl i tch-  
i n g  i n  and out  of lock. T h e  t r a n s m i t t e r  power  w a s  
r e d u c e d  f r o m  20 t o  10 kW. T h e  s y s t e m  t e m p e r a -  
t u r e  d e c r e a s e d ,  b u t  s o m e  r e c e i v e r  g l i t ches  s t i l l  
o c c u r r e d .  T e l e m e t r y  d a t a  w a s  l o s t  f r o m  1735:lO 
t o  1738:39 and f r o m  1912:41 t o  1 9 2 3 : l l .  
P a s s  528. T h e  s y s t e m  t e m p e r a t u r e  a t  DSS 14 
s t a r t e d  v a r y i n g  e r r a t i c a l l y  a t  2044; s h o r t  b u r s t s  
o v e r  100°K o c c u r r e d .  DSS 14 l o w e r e d  t h e  t r a n s -  
m i t t e r  p o w e r  i n  s t e p s ,  and  t h e  p r o b l e m  c l e a r e d  
a t  5-kW output.  Bad SNR and n o i s y  d a t a  o c c u r r e d  
be tween  2044 t o  2100. At 2107, t h e  T C P  "B" c o m -  
p u t e r  s t a r t e d  skipping s c i e n c e  d a t a  f r a m e s .  S ta -  
t ion  swi tched  t o  t h e  T C P  "A" c o m p u t e r .  R e a l -  
t i m e  d a t a  w a s  l o s t  i n  f r a n l e s  skipped.  A t  2153:30, 
a  c o m m e r c i a l  power  g l i t c h  o c c u r r e d ;  the  corn- 
p u t e r s  l o s t  t h e i r  p r o g r a m s ,  and the  t r a n s m i t t e r  
l o s t  400-Hz M - G  s e t s .  D a t a  w a s  l o s t  unt i l  
2203:37. 
P a s s  542. A t  DSS 14, t h e  s p a c e c r a f t  cou ld  
no t  b e  a c q u i r e d  be tween  1226:56 and 1441 :40. 
DSS 14 w a s  us ing  the  w r o n g  p o l a r i z e r  p r e d i c t s  
and  had  t h e  p o l a r i z e r  s e t  77 deg  off. T h e  p o l a r i z e r  
w a s  r e s e t  c o r r e c t l y ,  and t r a c k i n g  p r o c e e d e d  n o r -  
m a l l y .  T h e r e  w a s  a  l o s s  of 2 h  and  15 m i n  of 
da ta .  
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P a s s  543. At DSS 12,  t r a c k  w a s  t e r m i n a t e d  
a t  2338, 22 m i n  e a r l y .  The  T C P  d r o p p e d  lock ,  
and  t h e  s t a t i o n  could  not  lock  up aga in .  At 2300, 
DSS 12 was  t r a c k i n g  a t  +O. 2 dB above  t e l e m e t r y  
t h r e s h o l d .  T h e r e f o r e ,  n o  e q u i p m e n t  a n o m a l y  w a s  
s u s p e c t e d .  
P a s s  547. At DSS 14,  t h e  T C P  s topped  out- 
putti.ng s c i e n c e  d a t a  f r o m  1348:27 to 1357:59. T h e  
t r o u b l e  c l e a r e d  i t s e l f ,  a n d  n o  equipment  a n o m a l y  
w a s  found. R e a l - t i m e  d a t a  w a s  l o s t  f o r  9  m i n  and  
32 s .  
P a s s  548. At DSS 12,  the  T C P  p r o g r a m  could 
not  be  r e l o a d e d  in c o m p u t e r  "A" between 1900 and  
1924:33. DSS 12 s w i t c h e d  to C o m p u t e r  "B. " AP- 
p r o x i m a t e l y  24 rnin of t e l e m e t r y  d a t a  w a s  los t .  
DSS 12 could  f ind n o  c a u s e  f o r  t h e  a n o m a l y .  
P a s s  556. At DSS 12,  the f i r s t  15 TDH points  
w e r e  m a d e  us ing  d e s t r u c t i v e  dopple r  count .  DSS 
12 a l s o  had a  dopple r  r e s o l v e r  mal func t ion .  No 
d a t a  w a s  los t .  
P a s s  564. At DSS 12,  t h e  c l a s s  A T C P  AGC 
p r i n t o u t  w a s  b a d  f o r  t h e  e n t i r e  t r a c k .  T h e  T C P  
p r o g r a m  w a s  r e l o a d e d  a t  2020:11, bu t  the  p r o b l e m  
continued.  No a n o m a l y  w a s  found t o  c a u s e  t h e  
p r o b l e m .  
P a s s  567. At DSS 14,  the  20-liW t r a n s m i t t e r  
b e a m  vol tage  t r i p p e d  off b e c a u s e  the  SMT cone  
d o o r  i n t e r l o c k  opened.  T h e  d o o r  w a s  c l o s e d  t o  
c o r r e c t  t h e  p r o b l e m .  Acquisi t ion w a s  d e l a y e d  
a p p r o x i m a t e l y  6 m i n .  R e c e i v e r  1 s t a r t e d  gl i tching 
a t  1331:15 and cont inued t o  1519:50 a 1 c + I 
DSS 14 swl tched  to r e c e i v e r  2 a s  p~ n c 
P a s s  580. At DSS 12,  t h e  reccrvc r  o l t  o i  
lock  f r o m  2040 t o  2042 b e c a u s e  thc dec l  l ? r r q 7  
d r o v e  the  an tenna  off polnt .  T h l s  a;oi li 7 as A 
recurring one ,  but  the c a u s e  w a s  v n k r  oa 1 
P a s s  593. At DSS 14,  high n o i s e  h:i:-sls fi-on; 
1430 t o  1515 and  1602 t o  1637 c a u s e d  s o n l c  i!eg:.il- 
dat ion in the  t e l e m e t r y  d a t a .  S e v e r a l  rc;cc.is-er oirl- 
of- lock ind ica t ions  o c c u r r e d  duriiig tl12 ;>i-olile~n 
inves t iga t ion  by DSS 14. 
P a s s  595. DSS 14 had n o i s y  t ~ h o - i ~ ~ a ~ ~ i  c l o p p : ~ . .  
da ta .  Seven b lunder  points  occurreci  (lul-iiig ti;? 
p a s s .  Analys i s  ind ica tes  a  p o s s i b l r  p:ol>le!n i n  
t h e  t i m i n g  s u b s y s t e m .  T h e  s t a t i o n  invesligalcrl. .  
P a s s  597. DSS 14 had  n o i s y  two-way r i o p p i v r  
da ta .  R e c e i v e r  1 had  r a n d o m  glitciies i ron '  1658 
t o  1717. Seven b lunder  points  w e r e  coun;:.d duririg 
t h e  p a s s .  T h e  c a u s e  of the  p r o b l e m  w a s  !riideLer.- 
mined .  (DSS 14 s t a r t e d  us ing  the  backup rubid iu?-n  
on day  176. ) 
P a s s  599. DSS 14 h a d n o i s y  t f i n - ~ ~ a *  ropp~cr 
d a t a  dur ing  the  e n t i r e  p a s s .  DSS 14 1 1 i c  h ,I1 1-qisc 
d u r ~ i l g  the  l a s t  s e v e r a l  p a s s e s  and J - - L C S  1,a1101-s 
into t h e  p r o b l e m  w e r e  m a d e .  
7 .  S u m m a r y  of Opera t ions  by  P a s s  Y ~ u ~ b c i .  
T a b l e  12 p r e s e n t s  P i o n e e r  IX o p e r a t l c n i  I n r  c acl? 
p a s s  f o r  the  r e p o r t i n g  p e r l o d  (pas.;< s 2 3 ~ 1  I 7:  ou;l 
600) .  
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GLOSSARY 
ACG 
A F E T R  
AGC 
A. 0s 
ALCC 
AFS 
Aii (3 
A% 
A2 - z I.
312 
CS '; 
CDC 
C IIU 
C :bl 
C M  D 
D E C  
D e r ~ c t l  
i): 
n ls  
DO 
DSIF 
ns:q 
DSS 
DSU 
D T U  
CCF 
GM -r 
GO17 
GSF C 
~ 7 i - ~ i i -  13E 12 
i-TS - - - lj 
1:v; P 
1. li S 
LC P 
acquisi t ion 
Air F o r c e  E a s t e r n  Tes t  Range 
automatic gain cont ro l  
accluisition of signal  
automatic phase control  
antenna pointing subsys t em 
Arnes R e s e a r c h  Center  
az imuth  
az imuth-  elevation 
bandwidth 12 Hz 
convolution coded unit 
command and data handling console 
corrlmand distr ibution unit 
coiled mode 
corrimand 
declination angle 
dc:nodulator 
riip:exer in, one- and two-way operation 
digital  ins t rumenta t ion  subsys t em 
diplexer out o r  bypassed;  one-way 
o i ~ ~ r a t s o n  o ly; reduces  sys t em 
s io~s  e temperature 
D e e p  Space Ins t rumenta t ion  Faci l i ty  
D e e l ~  Space Network 
D z e p  Space Station 
dad.  s torage  unit 
data t r ansmiss ion  unit 
Ground  Communications Faci l i ty  
Greenwich m e a n  t ime  
qr i~und operational  equipment 
Godclard Space Flight  Center  
hour  angle /declsnation 
h i i h  speed data 
In ter im Monitor P r o g r a m  
in l rared  spec t romete r  
lei: c l r cu la r  polarization 
MMS A 
MMT 
MSFN 
NASC OM 
OCC 
PER 
P I  
PIN 
mul t imiss ion  support  a r e a  
mul t imiss ion  t e l eme t ry  
Manned Space Flight  Network 
National Aeronautics and Space Admin- 
i s t r a t ion  Communications Network 
operations cont ro l  chief 
pa r i ty  e r r o r  r a t e  
po la r i ze r  in, el iminating 3-dB 
c i r c u l a r  polarization loss  
para l le led  input 
P O  po la r i ze r  out 
R C P  right  c i r cu la r  polarization 
RCV rece ive r -exc i t e r  subsys tem 
RCVR rece ive r  
RTLT round- t r ip  light t ime 
SDA 
SFOF 
SMF 
SNR 
S P E  
SPU 
T C P  
TDA 
TDH 
T D P  
TDS 
TFR 
T f r e q  
T L M  
T TY 
TWM 
TWT 
TXR 
W / F  
sys t ems  data analys is  
Space Fl ight  Operations Faci l i ty  
S-band mult iple frequency 
signal-to-noise ra t io  
s ta t ic  phase  e r r o r  
S-band polarized ultracone 
t e l eme t ry  command p r o c e s s o r  
tracking and data acquisi t ion 
tracking data handling subsys t em 
tracking data p rocesso r  
Tracking and Data System 
Troub le /Fa i lu re  Repor t  
spacecraf t  auxi l ia ry  osc i l la tor  f requency 
t e l eme t ry  
teletype 
traveling wave m a s e r  
t ravel ing  wave tube 
t r ansmi t t e r  subsys t em 
w o r d f f r a m e  
XMT ref ground t r ansmi t t e r  synthes izer  
frequency fo r  bes t  lock a t  z e r o  
doppler 
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T a b l e  1. DSN s t a t i o n  des igna t ions  a n d  loca t ions  
S ta t ion  Geode t ic  Geode t ic  1 1 l a t i tude  1 longi tude 
Golds tone ,  1 2  35.29986N 243. 19539E 
Calif .  
( E c h o )  1 1  i 
Golds tone ,  
Ca l i f ,  
( P i o n e e r )  
Golds tone ,  
Cal if .  
( V e n u s )  
Golds tone ,  
Cal if .  
( M a r s )  
1 1  
W o o m e r a ,  31. 38314s 136.88614E 
A u s t r a l i a  
T idb inb i l l a ,  :: / 4 2  / 35.401 1 IS 1 148.98027E 
A u s t r a l i a  
35. 38950N 
J o h a n n e s b u r g ,  51 25.88921s 27. 6 8 5 7 0 3  
South A f r i c a  I i 
243. 15175E 
(Robledo)  
Ascension:::::: 1 72 1 7. 954745 345.67242E 
Is land  
C e r e b r o s ,  
S p a i n  
1 Cape  Kennedy,  
F l o r i d a  
:I: F o r m e r l y  l i s t e d  a s  C a n b e r r a  
:;::::No l o n g e r  o p e r a t e d  by  DSN 
Height  above  
leve l ,  m 
6 2 
71 
Geocen t r i c  
r a d i u s ,  
Kim 
JPL T e c h n i c a l  M e m o r a n d u m  33-426,  Vol. IX 
- 
28.48713N 
- 
279.4231 5 E  
Table 2. Goldstone 64-m-diam antenna d imensions  and weights 
Focal length/diameter ratio 
Surface area, m' 
Depth of paraboloid, m 
Pedestal wall thickness, m 
Outside diameter of pedestal, m 
Overall height of instrument tower," m 
O n  elevation bearings 
O n  azimuth bearings (including bearings) 
Feed cone and equipment 
Quadripod 17.7 X 10" 
Primary reflector surface 26.3 X 10" 
Reflector assembly (including reflector, wheels, and 
elevation counterweight) 1.1 X 106 
Alidade and buildings 0.99 X 10" 
Azimuth bearings 1.8 X 10" 
Pedestal and foundation 4.54 X 10" 
Instrument tower (including wind shield) 
Steel 43.6 X lo3 
Concrete 0.52 X 10' 
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Table  3. P i o n e e r  sc ien t i f ic  e x p e r i m e n t s  
Expe r imen t /Sc i en t i f i c  
I n s t rumen t  
Single a x i s  m a g n e t o m e t e r  
P l a s m a  cup  de t ec to r  
Quad r i sphe r i ca l  p l a sma  
ana lyze r  
Radio  propagat ion 
de t ec to r  
C o s m i c  r a y  an i so t ropy  
de t ec to r  
C o s m i c  r a y  te lescope  
Ce l e s t i a l  mechan i c s  
investigation:;: 
Managed  by 
NASA /GSFC 
NASA /ARC 
Stanford  U. 
Southwes t  
C e n t e r  f o r  
Advanced 
S tudies  
Un ive r s i t y  
of Chicago 
J P L  
P r i n c i p a l  Inves t iga tor  
Dr .  N. Nes s  
Dr .  H. B r idge  
Dr .  John  H. Wolfe 
Dr .  V.  R. E s h l e m a n  
Dr .  Kenneth McCracken  
Dr.  J ,  S impson  
Dr .  John  D. Ande r son  
I So la r  Occultat ion Inves t iga t ion  Only (20 October  - 6 D e c e m b e r  1968) 
F a r a d a y  Rotat ion 
Invest igat ion (S -Band)  
S p e c t r a l  Broadening  
Invest igat ion (S -Band)  
Rela t iv i ty  Invest igat ion 
J P L  
J P L  
J P L  
Mr .  Ge ra ld  S. Levy  
Dr .  R. Golds te in  
Dr.  John D. Ande r son ,  
Dr .  Leona rd  E f r o n  
:::Requires no  on-board  i n s t rumen ta t i on ;  u se s  two -way dopple r  t r a ck ing  
a s  da t a  sou rce .  
Table  4. Tracking  t i m e  by q u a r t e r  
1 T r a c k  per iod  I P a s s e s  To t a l  t r a ck ing  t i m e ,  11-n-111 1 I 
Oct - Dec 1969 
J an  - M a r  1970 
Ju ly  - Sept  1969 
-- 
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1294 - 1385 
Apr  - J u n e  1970 
182 :40 I 
- - 
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Fig. 3 .  View of 64 -m-d i am antenna  
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Fig. 4. Profile of 64 -m-d iam antenna 
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Fig .  15. Combined  t e l e m e t r y  t e s t ,  DSS 11 and  1 2 ,  P i o n e e r  VI, P a s s  1588 
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Fig .  16.  Combined  t e l e m e t r y  t e s t ,  DSS 11 and 12 ,  P i o n e e r  VI, P a s s  1589 
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Fig .  17. Combined  t e l e m e t r y  t e s t ,  DSS 11 a n d  12 ,  P i o n e e r  VI, P a s s  1590 
GM T 
Fig. 18. Combined  t e l e m e t r y  t e s t ,  DSS 1 1  a n d  12 ,  P i o n e e r  VI, P a s s  1591 
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F i g .  19. Combined  t e l e m e t r y  t e s t ,  DSS 1 1  and  1 2 ,  P i o n e e r  VI, P a s s  1591 
GMT 
Fig .  20. Combined  t e l e m e t r y  t e s t ,  DSS 11 and 1 2 ,  P i o n e e r  VI, P a s s  1595 
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Fig. 21. Combined t e l e m e t r y  t e s t ,  DSS 11 and 12,  P ionee r  VI, Pass 1596 
G M T  
Fig. 22. Combined t e l e m e t r y  t e s t ,  DSS 11 and 12,  P ionee r  VI, Pass 1597 
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Fig .  23. Combined  t e l e m e t r y  t e s t ,  DSS 11 and  12 ,  P ionee r  VI, Pass 1598 
GMT 
Fig.  24. Combined t e l e m e t r y  t e s t ,  DSS 11 a n d  12 ,  P i o n e e r  IX, Pass  53'7 
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Fig .  25. Combined  t e l e m e t r y  t e s t ,  DSS 1 1  and  12 ,  P i o n e e r  IX, P a s s  538 
GMT 
Fig.  26. Combined  t e l e m e t r y  t e s t ,  DSS 1 1  a n d  1 2 ,  P i o n e e r  IX, P a s s  539 
216 J P L  T e c h n i c a l  M e m o r a n d u m  33-426,  Vol .  IX 
GMT 
F i g .  27. Combined  t e l e m e t r y  t e s t ,  DSS 11 and  1 2 ,  P i o n e e r  IX, P a s s  540 
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F i g .  28. P i o n e e r  VI dopple r  b i a s  v e r s u s  p a s s  n u m b e r  ( J u l y )  
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F i g .  29. P i o n e e r  VI d o p p l e r  b ias  v e r s u s  p a s s  n u m b e r  (Augus t )  
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Fig. 30. P ioneer  VI doppler bias v e r s u s  p a s s  number  (September)  
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Fig .  31. Pioneer  VI doppler bias v e r s u s  p a s s  number  (October)  
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Fig.  32.  P i o n e e r  VI doppler  b i a s  v e r s u s  p a s s  number  (November )  
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Fig.  34. P ioneer  VI doppler  no ise  v e r s u s  p a s s  number  ( Ju ly)  
F ig .  35. P i o n e e r  VI doppler  no i s e  v e r s u s  p a s s  number  (August)  
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Fig.  36. P i o n e e r  VI doppler  no ise  v e r s u s  p a s s  number  (Sep t embe r )  
Fig. 37. P i o n e e r  VI r e s i d u a l  I - m i n  two-way doppler  no ise  v e r s u s  p a s s  number  
(October )  
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Fig .  38. P i o n e e r  VI r e s i d u a l  1 - m i n  two-way doppler  no ise  v e r s u s  p a s s  nurnber  
(November )  
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Fig.  39. P i o n e e r  VI r e s i d u a l  1 -min  two-way doppler  no ise  v e r s u s  p a s s  nuin!)er 
( D e c e m b e r )  
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Fig. 40. Pioneer  VI r ece ive r  signal-to-noise ra t io  v e r s u s  pass  number (August) 
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F i g .  41.  P ioneer  VI receiver  signal-to-noise ra t io  v e r s u s  pass  number (September) 
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Fig.  42.  P i o n e e r  VI r e c e i v e r  s igna l - to -noise  r a t i o  v e r s u s  p a s s  n u m b e r  ( O c t o l ~ e r )  
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Fig.  43. P i o n e e r  VI r e c e i v e r  s igna l - to -noise  r a t i o  v e r s u s  p a s s  n u m b e r  (November )  
JPL Technica l  M e m o r a n d u m  33-426,  Vol. IX 
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F i g .  44. P ioneer  VI receiver  signal-to-noise ra t io  v e r s u s  pass  number (December)  
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F i g .  45.  P ioneer  VI receiver  downlink signal s t rength  v e r s u s  pass  number (July) 
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Fig. 47. P ioneer  VI par i ty  e r r o r  r a t e  v e r s u s  p a s s  number (September) 
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Fig.  48. Pioneer  VI par i ty  e r r o r  r a t e  v e r s u s  pass  number (October) 
JPL Technical  Memorandum 33-426 ,  Vol. IX 
PASS NUMBER 
I I 
226.69 220.68 
I 
216.52 
COMMUNICATION RANGE (lo6 KM) 
Fig. 49. Pioneer VI parity e r r o r  rate  versus pass number (November) 
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Fig. 50. P ioneer  VI par i ty  e r r o r  r a t e  v e r s u s  pass  number (December)  
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Fig. 5 1. Pioneer  VI spacecraf t  auxil iary osci l la tor  frequency v e r s u s  pass  number  
(July) 
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Fig. 52. P ioneer  VI spacecraf t  auxi l iary  osci l la tor  frequency v e r s u s  pass  number 
(August) 
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F i g .  53. Pioneer VI spacecraft  auxiliary oscil lator frequency versus  pass  number 
(September) 
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F i g ,  54. Pioneer VI auxiliary oscil lator frequency versus  pass  number (October) 
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Fig.  55. P ionee r  VI auxi l ia ry  osc i l la tor  f requency v e r s u s  p a s s  number  (November)  
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Fig. 56. P ionee r  VI auxi l ia ry  osc i l la tor  f requency v e r s u s  p a s s  number  (Decen7l;er 
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Fig .  5 7 .  Pioneer  VI channel 6 best-lock frequency v e r s u s  pass  number (July) 
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Fig 58. Pioneer  VI chanriel 6 best-lock frequency v e r s u s  pass  number (August) 
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Fig. 59. Pioneer  VI channel 6 best-lock frequency v e r s u s  pass  number ( S e p t e r n h r )  
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Fig. 60. P ioneer  VI channel 6 best-lock frequency v e r s u s  pass  number. (October)  
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Fig. 6'1. Pioneer  VI channel 6 best-lock frequency v e r s u s  pass  number (November) 
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Fig. 62. P ioneer  VI channel 6 best-lock frequency v e r s u s  pass  number (December)  
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Fig.  63. P ioneer  VII doppler bias v e r s u s  pas s  number (July) 
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Fig. 65. P ioneer  VII doppler bias v e r s u s  pass  number  (September) 
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Fig .  66. P ioneer  VII doppler bias v e r s u s  pass  number (October) 
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Fig .  68. Pioneer  VII doppler noise v e r s u s  pass  number (July) 
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Fig .  69. P i o n e e r  VII doppler  no ise  v e r s u s  p a s s  number  (August)  
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Fig.  70. P i o n e e r  VII doppler  no ise  v e r s u s  p a s s  number  (Sep t embe r )  
J P L  Techn i ca l  M e m o r a n d u m  33-426, Vol. IX 
Fig. 71. Pioneer  VII r e s idua l  I -min  two-way doppler noise v e r s u s  pass  number 
(October) 
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Fig. 72. Pioneer  VII r e s idua l  1-min two-way doppler noise v e r s u s  pass  number 
(December)  
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Fig. 73. P i o n e e r  VII r e c e i v e r  s igna l - to -noise  r a t i o  v e r s u s  p a s s  n u m b e r  (August)  
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s a l g .  74. P i o n e e r  VII r e c e i v e r  s igna l - to -noise  r a t i o  v e r s u s  p a s s  number  (Sep t embe r )  
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Fig .  75. P i o n e e r  VII r e c e i v e r  s igna l - to -noise  r a t i o  v e r s u s  p a s s  n u m b e r  (October )  
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F ig .  76. P i o n e e r  VII r e c e i v e r  s igna l - to -noise  r a t i o  v e r s u s  p a s s  number  (November )  
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F l g .  77. P i o n e e r  VII r e c e i v e r  s igna l - to -noise  r a t i o  v e r s u s  p a s s  number  ( D e c e m b e r )  
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Fig. 7 8 .  P i o n e e r  VII r e c e i v e r  downlink s i gna l  s t r eng th  v e r s u s  p a s s  n u m b e r  ( Ju ly)  
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Fig. 79.  P i o n e e r  VII p a r i t y  e r r o r  r a t e  v e r s u s  p a s s  n u m b e r  (Sep t embe r )  
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Fig .  80. P i o n e e r  VII t e l e m e t r y  p a r i t y  e r r o r  v e r s u s  p a s s  number  (Oc tobe r )  
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Fig.  81. Pionee r  VII t e l e m e t r y  pa r i t y  e r r o r  v e r s u s  p a s s  number  (November)  
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F i g .  82. Pioneer VII te lemetry  parity e r r o r  ve r sus  pass  number (December) 
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Fig. 83. Pioneer  VII auxil iary osci l la tor  f requency v e r s u s  pass  number (July) 
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Fig.  84. Pioneer  VII auxil iary osci l la tor  frequency v e r s u s  pass  number ( A u g u s t )  
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Fig ,  85, Pioneer VII auxiliary oscil lator frequency versus  pass  number (September) 
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87.  Pioneer  VII auxi l iary  osci l la tor  frequency v e r s u s  pass  number ( N o v e m u e r j  
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Fig. 88. Pioneer  VII auxi l iary  osci l la tor  frequency v e r s u s  pass  number (Decelnbe r) 
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F i g .  89. P i o n e e r  VII channel  7 be s t - l ock  f r equency  v e r s u s  p a s s  number  ( Ju ly )  
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Fig. 92 .  P ioneer  VII channel 7 best-lock frequency v e r s u s  pass  number (October) 
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F i g .  93. P ioneer  VII channel 7 best-lock frequency v e r s u s  pass  number (November) 
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Fig.  94. Pioneer  VII channel 7 best-lock frequency v e r s u s  pass  number (December)  
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Fig. 95. Pioneer  VIII doppler bias v e r s u s  pass  number (July) 
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Fig. 96. Pioneer  VIII doppler bias v e r s u s  pass  number (August) 
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Fig. 97. Pioneer  VIII doppler bias v e r s u s  pass  number (September) 
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Fig. 99. P ioneer  VIII doppler noise v e r s u s  pass  number (August) 
JPL Technical  Memorandum 33-426, Vol. IX 
PASS NUMBER 
F i g .  100.  P i o n e e r  VIII d o p p l e r  n o i s e  v e r s u s  p a s s  n u m b e r  ( S e p t e m b e r )  
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Fig. 101. Pioneer  VIII signal-to-noise ra t io  v e r s u s  pass  number (July) 
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Fig. 102.  P ioneer  VIII signal-to-noise ra t io  v e r s u s  pass  number (August) 
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F i g .  103. P ioneer  VIII signal-to-noise ra t io  v e r s u s  p a s s  number (September)  
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Fig.  104. P ionee r  VIII doppler b ias  v e r s u s  p a s s  number (October)  
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Fig. 106. Pioneer VIII doppler bias ve r sus  pass  number (December) 
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Fig. 105. Pioneer VIII doppler bias ve r sus  pass  number (November) 
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F i g .  1C7. Pionee r  VIII r e s idua l  1 -min  two-way doppler  noise v e r s u s  p a s s  number  
(October)  
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F i g .  108. Pionee r  VIII r e s idua l  1 -min  two-way doppler  noise v e r s u s  p a s s  number  
(November)  
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Fig. 109.  P ioneer  VIII res idual  I -min two-way doppler noise v e r s u s  pass  ntm1Sr1 
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Fig. 110. Pioneer  VIII signal-to-noise ra t io  v e r s u s  p a s s  number (October) 
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Fig. 111. Pioneer VIII signal-to-noise ra t io  v e r s u s  pass  number (November) 
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Fig. 112.  Pioneer VIII signal-to-noise ra t io  v e r s u s  pass  number (December) 
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Fig. 11 3. Pioneer  VIII auxil iary oscil lator frequency v e r s u s  p a s s  number (Ju ly)  
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Fig. 114. Pioneer  VIII auxil iary osci l la tor  frequency v e r s u s  pass  number (August) 
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F i g .  115. P ioneer  VIII auxi l iary  osci l la tor  frequency v e r s u s  pass  number (September) 
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Fig. ? 16. P ioneer  VIII auxil iary osci l la tor  frequency v e r s u s  p a s s  number (October) 
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Fig. 117. Pioneer  VIII auxil iary osci l la tor  frequency v e r s u s  pass  number (Novembe-)  
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Fig .  118. Pioneer  VIII auxi l iary  osci l la tor  frequency v e r s u s  pass  number (December) 
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Fig  119. P ioneer  VIII channel 7 best-lock frequency v e r s u s  pass  number (July) 
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F f q .  120. Pioneer  VIII channel 7 best-lock frequency v e r s u s  pass  number (August) 
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121 .  P i o n e e r  VIII channel  7 bes t - lock  f r equency  v e r s u s  p a s s  number  (Septembe;.' 
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Fig.  122. P i o n e e r  VIII channel  7 bes t - lock  f r equency  v e r s u s  p a s s  n u m b e r  (Oc tobe r )  
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Fig. 123.  P ioneer  VIII channel 6 best-lock frequency v e r s u s  pass  number (November) 
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Fig.  125. P i o n e e r  VIII channel  6 bes t - lock  f r equency  v e r s u s  p a s s  number  (December) 
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Fig .  126. P i o n e e r  VIII channel  7 bes t - lock  f r equency  v e r s u s  p a s s  n u m b e r  (December) 
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F i g .  127.  P ionee r  VIII t e l eme t ry  pa r i ty  e r r o r  r a t e  v e r s u s  p a s s  number  (September)  
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Fig.  128.  P ioneer  VIII te lemetry  par i ty  e r r o r  r a t e  v e r s u s  pass  number (October) 
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-. ~ g .  129.  P ioneer  VIII te lemetry  pa r i ty  e r r o r  r a t e  v e r s u s  pass  number  (November) 
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Fig .  130. P i o n e e r  VIII t e l e m e t r y  p a r i t y  e r r o r  r a t e  v e r s u s  p a s s  number  ( D e c e m b e r )  
JPL Technica l  M e m o r a n d u m  33-426,  Vol. IX 
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Fig. 131. P i o n e e r  VIII t e l e m e t r y  p a r i t y  e r r o r  r a t e  v e r s u s  p a s s  n u m b e r  ( J a n u a r y )  
J P L  T e c h n i c a l  M e m o r a n d u m  33-426 ,  Vol. IX 
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Fig.  132. P ionee r  IX doppler  bias v e r s u s  p a s s  number  (July)  
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Fig .  133. P ionee r  IX doppler  b ias  v e r s u s  p a s s  number  (August)  
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Fig. 134. Pioneer  IX doppler bias v e r s u s  pass  number (September) 
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Fig.  135. Pioneer  IX doppler bias v e r s u s  pass  number (October) 
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Fig. 136. Pioneer  IX doppler b ias  v e r s u s  pass  number (November) 
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Fig.  137, P ionee r  IX doppler bias v e r s u s  pass  number (December)  
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Fig. 138. Pioneer  IX doppler noise v e r s u s  pass  number (July) 
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Fig. 139. Pioneer  IX doppler noise v e r s u s  pass  number (August) 
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F i g .  140. P i o n e e r  IX dopple r  n o i s e  v e r s u s  p a s s  n u m b e r  ( S e p t e m b e r )  
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F i g .  141. P i o n e e r  IX r e s i d u a l  I - m i n  two-way d o p p l e r  n o i s e  v e r s u s  p a s s  n u m b e r  
( O c t o b e r )  
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Fig .  142.  P ionee r  IX r e s idua l  1-min  two-way doppler  noise v e r s u s  p a s s  number  
(November)  
PASS NUMBER 
F i g .  143. P ionee r  IX r e s idua l  I - m i n  two-way doppler  noise v e r s u s  p a s s  number  
(December )  
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Fig. 144. Pioneer  IX signal-to-noise ratio v e r s u s  pass  number (Ju ly)  
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Fig. 145. Pioneer IX signal-to-noise ra t io  v e r s u s  pass  number (August) 
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Fig. 146. P ionee r  IX signal- to-noise ra t io  v e r s u s  pas s  number  (September)  
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F ig .  147. P i o n e e r  IX s igna l - to -noise  r a t i o  v e r s u s  p a s s  number  (Oc tobe r )  
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F i g .  148. P i o n e e r  IX s igna l - to -no ise  r a t i o  v e r s u s  p a s s  n u m b e r  ( N o v e m b e r )  
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Fig .  149.  P i o n e e r  IX s igna l - to -no ise  r a t i o  v e r s u s  p a s s n u m b e r  ( D e c e m b e r )  
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Fig. 150. P ionee r  IX t e l emet ry  probabil i ty e r r o r  v e r s u s  p a s s  number (October) 
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F i g .  151. P ionee r  IX t e l emet ry  probability e r r o r  v e r s u s  pass  number (November) 
JPL Technical  Memorandum 33-426,  Vol. IX 
COMMUNICATION RANGE (lo6 KM) 
Fig .  152. P ionee r  IX t e l e m e t r y  probabil i ty e r r o r  v e r s u s  p a s s  number  (December)  
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F i g .  153. P ionee r  IX aux i l i a ry  osc i l la tor  f requency v e r s u s  p a s s  number  (Ju ly)  
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F i g .  154. P ionee r  IX auxi l ia ry  osc i l la tor  f requency v e r s u s  p a s s  number  (August)  
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Fig.  155. P ionee r  IX aux i l i a ry  osc i l la tor  f requency v e r s u s  p a s s  number  (September) 
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Fig.  156. P ionee r  IX spacec ra f t  aux i l i a ry  osc i l la tor  f requency v e r s u s  p a s s  number 
(October)  
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F i g .  157. Pioneer IX spacecraft  auxiliary oscil lator frequency v e r s u s  pass  number 
(November) 
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rrg. 158. Pioneer IX spacecraf t  auxiliary oscil lator frequency v e r s u s  pass  number 
(December) 
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Fig.  160. Pioneer  IX channel 7 best-lock frequency v e r s u s  pass  number (August) 
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--. g 161. Pioneer  IX channel 7 best-lock frequency v e r s u s  pass  number (September) 
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Fig. 162. Pioneer  IX channel 7 best-lock frequency v e r s u s  pass  number (October) 
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Fig .  163. P ionee r  IX channel  7 best- lock f requency v e r s u s  p a s s  number  (Novemberi  
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Fig.  164. P ionee r  IX channel  7 best- lock f requency v e r s u s  p a s s  number  (December ;  
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